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INSECTICIDAL PROPERTIES OF EXTRACT OF MALE
FERN (ASPIDIUM FILIX-MAS [L.] SW.)!

FRANK WiILcOXON, ALBERT HARTZELL, AND FREDERICKA WILCOXON

INTRODUCTION

The powdered rhizome of male fern (Aspidium filix-mas [L.] Sw.) has
been used since ancient times as an anthelmintic. Investigation of the chem-
istry of the active principles appears to begin with the work of Luck (r3)
who isolated a crystalline substance described as ‘‘rhombische Blittschen"
from the ether extract of the rhizome. Grabowski (g), Daccomo (8), and
Schiff (14) also made chemical examinations of the extract, but the first
comprehensive investigation is that of Boehm (1, 2, 3, 4, 5, 6) and Haus-
mann (11), who isolated a number of compounds which were shown to be
derivatives of phloroglucinol propyl ketone in which the ring structures
were linked through methylene groups. Treatment of the compounds with
zinc dust and alkali led to the formation of methyl derivatives of phloro-
butanone. Boehm, using the various compounds isolated by him, gives the
results of toxicity tests on two species of frogs. These compounds varied
greatly in their toxicity. For example, in the case of aspidin the lethal dose
was 1 to 2 mg. injected into the lymph sac, while flavaspidic acid required
10 mg., and was lethal only after several hours.

Kraft (12) repeated some of the work of Boehm and concluded that the
anthelmintic action was due to non-crystallizable acid material which had
been overlooked by Boehm, and which constituted about 5 per cent of the
extract.

There appear to be no records of tests on male fern extract or its con-
stituents as a general insecticide, and the present paper deals with such
tests on several insect species.

MATERIALS AND METHODS

The extract used was a commercial product obtained from a reliable
drug company. Crude filicin was obtained from this material by the meth-
od described by Boehm (1, p. 35-36). The commercial extract was ground
in a mortar with magnesium oxide to give a grayish-green powder, and the
latter was extracted repeatedly with water. The aqueous solution was
acidified with sulphuric acid and the crude filicin obtained as a voluminous
precipitate with a reddish tint, which was filtered, washed, and dried. The
yield was 15 to 20 per cent of the weight of the extract. The “Filixsdure”
of Boehm and other workers was isolated from crude filicin by dissolving

1 Herman Frasch Foundation for Research in Agricultural Chemistry, Paper No. 202.
Copyright, 1940, by Boyce Thompson Institute for Plant Research, Inc.
(1)
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in ether, adding acetone, and allowing to stand in the cold for several days.
After repeated recrystallization from ether it was obtained as rhombic
tablets of yellow color, and a melting point of 184° C. Anal. Calcd. for
CasH0O12: C, 64.38; H, 6.18. Found: C, 64.27, 64.15; H, 6.47, 6.63.

The species of insects used for the tests included mosquito larvae (Cu-
lex quinquefasciatus Say),? the bean aphid (A phis rumicis 1..), and house
flies (Musca domestica L.). The tests on mosquito larvae were performed
essentially as described by Campbell, Sullivan, and Smith (7). The test solu-
tion was made up by dissolving the material in 1.5 cc. of acetone, diluting
to 1 liter, and subsequent dilutions were made from this stock. The tests
on Aphis rumicis were performed as described previously (10). The house
fly tests were performed according to the Peet-Grady method by a com-
mercial laboratory.?

RESULTS

Tests on mosquito larvae. Preliminary tests on mosquito larvae showed
that the commercial oleoresin of male fern was toxic. Seventy per cent of
the larvae were killed by 6.25 p.p.m., while 25 p.p.m. killed 100 per cent.

The toxicity of crude filicin was compared with that of puritied ‘‘Filix-
siure’’ in another experiment. The results are shown in Figure 1, in which
the per cent dead is plotted against concentration using logarithmic prob-
ability paper. The LDso for crude filicin was estimated as 11 p.p.m., while
that for ‘‘Filixsiure”’ was 2.9 p.p.m. It appears, therefore, that the latter
compound must be one of the important toxic constituents of crude filicin.

Tests on bean aphid. Penetrol at o.5 per cent concentration was used as
a wetting agent. The sprays contained in addition o.03 per cent and o.1 per
cent crude filicin. The results are shown in Table 1.

- TABLE 1

ToxiciTy oF CRUDE FILICIN To APHIS RUMICIS; CONCENTRATION
oF PENETROL 0.5 PER CENT

Concn. of Total No. T Per cent

filicin, per cent insects counted No. alive No. dead dead
0.1 140 1 139 99.3

0.1 104 7 187 90.4
Penctrol check 171 121 50 29.2
0.03 90 5 85 94.4
0.03 2035 32 173 84.3
Penetrol check 157 63 94 59.2
Penetrol check 177 91 86 48.5

? Hatched from eggs furnished through the courtesy of C. H. Bradley of Orlando,

Florida.

8 The tests were performed through the courtesy of S. B. Penick & Co., New York,

N.Y.
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F1GUurg 1. Comparative toxicity of crude filicin (A) and “Filixsiure”
(B) to mosquito larvae.

Tests on house flies. The solution tested was made up to contain o.2 per
cent crude filicin and o.05 per cent pyrethrins using ‘‘Deobase’ as the sol-
vent. The solution was compared with the official test insecticide. The re-
sults are shown in Table II. The grade of ‘B’ was assigned to this sample
as a result of these tests.

TABLE 11
ToxICITy OF PYRETHRUM-FILICIN MIXTURE T0O Housk FLIES

Kill

| .
| Knockdown
Sample | per cent per cent
o.05 per cent pyrethrins+o. 2 per cent filicin 4.4 ‘ 52.0
53.1

Official test insecticide

06.4

Plant tolerance. Limited tests have been performed on the following
species of plants using a spray containing o.5 per cent Penetrol and o.o5
per cent crude filicin. No injury was observed.
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Chrysanthemum sp. Tomato (Lycopersicon esculentum
African marigold (Tagetes erecta L.) Mill. var. Bonny Best)
Peach seedlings (Prunus persica Tree peony (Paeonia suffruticosa
Sieb. & Zucc.) Andr.)
Rambler rose (Rosa sp.) Verbena hybrida Voss.
Snapdragon (A ntirrhinum majus Verbena venosa Gill. & Hook.
L. var. Day Dream) Zinnia (Zinnia elegans Jacq. var.
Giant Dahlia Flower)
SUMMARY

The insecticidal properties of oleoresin of male fern have been tested on
mosquito larvae, 4 phis rumicis, and house flies. The** Filixsiure’' of Boehm
was found to be four times as toxic to mosquito larvae as crude filicin.
Satisfactory control of A phis rumicis was obtained with a spray containing
o.03 per cent of crude filicin, and o.5 per cent Penetrol.

When tested by the Peet-Grady method on house flies a grade ‘B’ in-
secticide was obtained with a spray containing o.05 per cent pyrethrins
and o.2 per cent crude filicin in ‘“‘Deobase’ as a solvent.

No injury was observed when ten species of common plants were
sprayed with a solution containing o.o5 per cent crude filicin and o.5 per
cent Penetrol.
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AN ANALYSIS OF FACTORS CAUSING VARIATION IN
SPORE GERMINATION TESTS OF FUNGICIDES.
I. METHODS OF OBTAINING SPORES!

S. E. A. McCALLAN AND FRANK WILCOXON
e

New fungicidal sprays and dusts are continually being developed, and
it is a matter of considerable importance to be able to find out with the
least expenditure of time and money whether these new preparations are
better than those now in use. Large scale spraying experiments in the field
are costly and time-consuming, and for this reason attempts have been
made to test fungicides in the laboratory by observing their effects on the
germination of spores of pathogenic fungi. Two criticisms commonly have
been directed against the laboratory testing of fungicides; first that the
tests are exceedingly variable, no two investigators obtaining the same re-
sults, even one investigator being unable to duplicate his own results at
different times, and secondly that laboratory tests do not give a satisfac-
tory indication of field performance. The first criticism must be answered
before attempting the second.

Experiments accordingly have been designed to study the fundamental
cause of variation in spore germination tests. This first paper will deal
with the biological variation associated with the methods of isolating, pro-
ducing, and germinating the spores. A second paper will discuss the me-
chanical errors introduced in techniques of spraying and regulating
deposition.

METHODS

The common slide-moist chamber method of testing (s, 7, 8) was em-
ployed in these studies. The brown-rot fungus, Sclerotinia fructicola (Wint.)
Rehm., was selected for investigation because it is frequently used in
laboratory tests and also because it is extremely variable and sensitive in
its germination. The cultures were mass-spore isolates obtained from sweet
cherries from three different localities in Suffolk County, Long Island, over
a period of four years. For certain studies single-spore isolations wgre made
from these cultures by the method of Ezekiel (2).

In the earlier tests (Tables I to IV) all spores were produced at 20° C.
and germinated at room temperature. For all other tests the spores were
produced and germinated in a constant temperature room designed solely
for this purpose (Fig. 1). The mean temperature of the room was 21.0° C.,
with a standard deviation of 0.5° C. The spores were produced on potato-
dextrose-agar slants (8 cc. of media per tube) and used for germination

! Herman Frasch Foundation for Research in Agricultural Chemistry, Paper No. 203.
Copyright, 1940, by Boyce Thompson Institute for Plant Research, Inc.

(s)
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FIGURE 1. Constant temperature room for spore production and
germination; maintained at 21.0t0.5° C.
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tests when the cultures were seven days old. The spores were obtained for
the earlier tests (Tables I to IV) by the customary method of washing from
the agar slants as described on page 13. Counts of the spore concentration
were made on three samples by means of a Fuchs-Rosenthal counting cell.
The final concentration was adjusted to 50,000 spores per cc. with an aver-
age standard deviation of 5,600. Orange juice stimulant (8, 10) was used
throughout. A constant source was assured for all tests, except the early
ones, by filtering the juice of several oranges through USP IX collodion
membranes, diluting to 5 per cent and placing in small stoppered vials held
at below freezing temperatures until used. At first the concentration em-
ployed was 0.0z per cent; later as will be indicated this was changed to
o.1o0 per cent.

In order to eliminate spraying errors from this phase of the study, vari-
ous concentrations of copper sulphate solutions were employed as the toxic
agent. Copper sulphate and orange juice of a strength to give the final de-
sired concentration were added together in large volumes. Two cc. of this
solution were placed in a test tube and o.5 cc. of spore suspension added.
The mixture was well agitated and pipetted on to the glass slides giving
drops of about o.05 cc. in volume and of approximately equal areas.

Records on percentage germination were taken after 20 hours. Each
observation was based on counts from two adjacent drops totaling 50 to 8o
spores for the earlier tests, and 100 for the later ones. The percentage ger-
mination values were converted to equivalent angles according to the
method of Bliss (1) to give greater precision for statistical analyses. The
analysis of variance procedure was generally used since this enables one to
isolate the variation due to the various factors and to ascribe to each fac-
tor its relative importance. In this paper the results on over 400,000 spores
are analyzed.

DEFINITION OF TERMS

Specific terms employed in this paper are defined as follows:

Field isolate. A mass-spore isolation of a given fungus obtained from a
different field station or the same station at a different year.

Single-spore isolate. A single-spore isolation made from a field isolate.

Stock slant. An individual test tube culture, either of a field or single-
spore isolate, from which transfers are made.

Replicate transfers. Transfers made from the same stock slant at the
same time and grown under the same conditions.

Replicate counts. Replicate counts made on spores from the same repli-
cate transfer exposed under the same conditions, at the same time, to the
same concentration of a toxic agent. They may be on the same or different
slides and in the same or different moist chambers.

Replicate experiments. Tests replicated at different times and hence



8 CONTRIBUTIONS FROM BoYCE THOMPSON INSTITUTE [VoL. 11

with different lots of spores, though of the same isolate, and possibly from
the same stock slant.

Significance. Highly significant—Qdds greater than 100: 1. Significant—
Odds between 100:1 and 20:1. Not significant—Odds less than 20:1, (9).

RESULTS
REPLICATE TRANSFERS

Tests were made on the consistency of germination of spores from dif-
ferent test tube slants transferred from the same stock slant at the same
time and produced and germinated under presumably the same conditions.
The results of such a comparison are shown in Table I.

TABLE 1

PERCENTAGE GERMINATION OF SCLEROTINIA FRUCTICOLA CONIDIA IN COPPER SULPHATE
SOLUTIONS. SPORES FROM DIFFERENT REPLICATE TRANSFERS AND STOCK SLANTS.
DupLicATE COUNTS ON 65~75 SPORES

P'E'm' Stock | Rf_plicate transfers ‘ -
u slant - - - ’
1 2 3
I 75.8 85.7 68.3 78.7 8s5.5 83.3
0.125 2 92.7 81.2 84.1 79.2 62.3 30.0
3 90.0 74.3 85.8 66.2 60.0 45.6
I 27.1 52.8 84.6 91.1 95.4 93.2
0.250 2 97.0 98.6 098.6 97.2 97.2 93.8
3 05.3 82.8 92.8 84.8 95.7 95.3
I 26.1 31.8 52.3 46.3 67.2 76.1
0. 500 2 80.0 74.3 03.8 96.8 16.7 24.6
3 60.7 30.3 52.8 63.3 63.1 67.2
Analysis of Variance
t Degrees of Sums of ST
freedom squarcs Variance
Replicate counts 27 989 37
Replicate transfers 6 3704 617
Stock slants 2 586 293
Cu concentrations 2 4383 2191
Replicate transfers Xconcentrations 12 2757 230
Stock slants X concentrations 4 919 230
Total 53 13338

Replicate counts  vs, Replicate transfers Highly significant
Replicate transfers vs. Stock slants Not significant

If the only sources of variation were those of random sampling, the
mean square or variance, when the results are expressed as equivalent
angles would be expected to be 25 on the basis of 100 spores per count, or
50 on 50 spores. It will be seen in Table I that replicate counts are subject
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only to the errors of random sampling which confirms previous results (7).
However, replicate transfers vary greatly from one another, as much in-
deed as replicate transfers from different stock slants. If spores produced
and germinated at the same time under supposedly the same conditions
will not respond alike, spores produced and germinated at different times
cannot be expected to act alike. The problem, therefore, becomes that of
determining the cause of the variation among replicate transfers.

Cleanliness of moist chambers. The importance of chemically clean moist
chambers in spore germination studies is generally recognized and has been
stressed before (5). However, it is necessary that the chambers be freshly
washed just before use in order to eliminate any material that they may
have collected or adsorbed while standing. In a test in which spores were
germinated in freshly washed chambers and chambers which had been
washed and stored for several months, it was found that the variation of
the spore germination in the stored chambers was significantly greater
than that of the fresh chambers. Thereafter all chambers were freshly
washed in chromic acid cleaning solution or soap and water not longer than
one week before use,

SIZE OF TEST TUBES

The variation in size of test tubes used for cultures might be a possible
source of variation in the spore germination of replicate transfers. Small
tubes of 13 mm. inside diameter and large tubes of 18 mm., were selected,
potato dextrose agar added, and the tubes similarly plugged and slanted.

The results given in Table II show that the variation produced by the
different sized tubes was not significantly greater than that of replicate
transfers of the same tube size. However, in order to give standard condi-
tions tubes of 17 mm. inside diameter were used thereafter.

TABLE 11

CONIDIA OF SCLEROTINIA FRUCTICOLA PRODUCED IN SMALL AND LARGE CuLTURE TUBES,
THrEE RepLicaTE TraNsSFERs FOR EacH TuBe Size. DurLicate CounNTs ON PER-
CENTAGE GERMINATION OF 70—80 SPORES IN COPPER SULPHATE SOLUTIONS

r Small tubes Large tubes
.p.m. o A A L
Cu 1 2 3 4 l 5 6
100.0 08.8 97.5 85.9 97.6 85.4
0.125 08.7 91.8 100.0 80.4 08.6 93-4
97-4 97.0 04.4 42.9 96.3 83.9
0.250 98.5 90.9 08.4 79.4 91.9 91.6
100.0 98.6 100.0 16.7 93.4 16.4
©.500 76.5 08.4 98.0 15.6 93.0 16.7
. 4.4 85.3 15.2 71.4 13.6
°.750 233 37.2 89.6 14.2 68.6 12.8
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TABLE II (Cont'd.)—Analysis of Variance

Degrees of Sums of e
freedom squarcs l Variance
Replicate counts 24 992 l 41
Replicate transfers 4 4596 1149
Tube sizes 1 6697 6697
Cu concentrations 3 6115 2038
Reg{icate transfers X concentrations 12 2555 : 213
Tube sizes X concentrations 3 1973 | 057
Total 47 22928 ‘

Replicate counts  vs. Replicate transfers Highly significant
Replicate transfers vs. Tube sizes Not significant

TIGHTNESS OF COTTON PLUGS

In some species of fungi it is considered that conidial production is de-
pendent to some extent on the relative humidity which in turn may be
controlled by the tightness of the cotton plugs. Hence it is possible that the
germination response of spores from tubes differently plugged might also
vary. Tubes of the same size and containing the same amount of agar,
similarly slanted, were stoppered with loose, medium, and tight cotton
plugs. There was no consistent difference in the appearance of the cultures
or amount of spore production. Weights taken daily on sterile tube indi-
cated no difference in water loss.

The results of germination tests are given in Table III and indicate
that differences in tightness of cotton plugs will not account for the varia-
tion in replicate transfers.

KIND OF INOCULUM
In making transfers of cultures it is possible to transfer either spores

TABLE 111

CONIDIA OF SCLEROTINIA FRUCTICOLA PRODUCED IN CULTURE TUBES WITH LOOSE, MEDIUM,
AND TiGHT CoTTON PLUGS. FOUR REPLICATE TRANSFERS FOR EAcH SizE OF PLuG.
DupLICATE COUNTS ON PERCENTAGE GERMINATION OF 50-60 SPORES IN COPPER

SULPHATE SOLUTIONS

pgm. | L | Medmpug | Tigh g
u 1 2 3 4 5 6 7 8 9 10 11 12
.20 100.0|100.0| 92.5| 97.0| 88.3| 04.6| 95.4| 91.9| 6.5 98.5/100.0| 97.0
'35 100.0| 94.6| 98.1| 96.2| 79.0| 98.0] 93.9| 98.0| 86.0| 85.3] 98.0f 96.2
0.500 100.0{100.0| 29.0| 96.8| 5.2| 95.2| 68.7 94.6| 91.6| 92.0| 95.0| 85.5
' 08.8| 96.4| 31.0| 97.1] 1.5{100.0| 77.9| 94.8| 83.4| 94.0 92.1| 59.4
1.250 94.8 26.1f o 70.5| o© v5.0, o | 64.8] 13.2| 15.0 © 14.2
' 03.9] 7.4/ © 52.9/ 3.4| 64.8 2.3 61.4| 18.5 13.2| 15.2( 13.0
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TABLE I (Cont'd.)—Analysis of Variance

Degrees of Sums of ST
freedom squarces ! Variance
Replicate counts 36 1378 | 38
Replicate transfers 9 15344 1705
Size of plugs 2 1309 i 655
Cu concentrations 2 31790 | 15898
Replicate transfers Xconcentrations 18 7864 i 437
Plugs X concentrations 4 | 1213 :

Total 71 58904 l

Replicate counts  vs. Replicate transfers  Highly significant
Replicate transfers vs. Size of plugs Not significant

alone or agar blocks containing mycelium, or a mixture of the two. Two
sets of agar slants were inoculated respectively with spores alone and agar
blocks of mycelium both obtained from the same stock slant.

The results are reported in Table 1V. It will be seen that the variation
due to different sources of inoculum is not significantly greater than that

TABLE 1V

SCLEROTINIA FRUCTICOLA CoONIDIA PRODUCED FROM INOCULUM OF SPORES AND OF AGAR
BLocks oF MYCELIUM FROM THE SAME STOCK SLANT. THREE DIFFERENT FIELD
IsoLATES AND Two REPLICATE TRANSFERS FOR EACH KIND OF INocULUM.
TRrIPLICATE COUNTS OF PERCENTAGE GERMINATION IN COPPER SULPHATE
SOLUTIONS ON 80-100 SPORES

P.p.m. Field Inocu!um of spores lnocull—lm of mycelium
Cu isolate I 2 3 R
100.0 95.4 67.9 94.4
Vs 97.5 92.2 94.9 87.9
98.9 97.7 98.7 93.4
93.5 74.7 92.9 85.0
0.50 V37 93.9 71.0 08.7 89.3
96.0 82.1 95.5 97.4
86.8 93.4 97.6 87.8
L 37 92.0 96.4 90.7 50.0
89.0 91.0 100.0 91.5
94.7 47.3 72.0 51.5
V35 94.8 08.1 52.4 80.3
95.1 92.9 62.4 75.4
54.0 33.0 71.9 9r.
.25 Va7 50.5 26.0 71.0 89.6
57.0 31.4 90.0 92.7
56.8 69.7 15.2 29.3
L 37 18.3 70.0 20.1 20.4
22,2 9r.6 22.0 38.0
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TABLE IV (Cont'd.)—Analysis of Variance

Degrees of Sums of A,
freedom squares Variance
Replicate counts 48 3214 67
Replicate transfers 6 1849 308
Kind of inoculum 1 70 70
Field isolates 2 2451 1225
Cu concentrations 1 8778 8778
Replicate transfers X concentrations 6 1116 186,
Residue 7 5796 828
Total 71 23274

chllcatc counts vs. Replicate transfers Highly significant
Replicate transfers vs. Kind of inoculum  Not significant
Replicate transfers vs. Field isolates Not significant

of replicate counts or random sampling. The variation among replicate
transfers remains very high,

MASS-SPORE VS, SINGLE-SPORE ISOLATES

It is generally accepted that single-spore isolates are more uniform than
mass-spore isolates. Hansen and Smith (3) have shown that Botrytis ci-
nerea is multinucleate and exists in a number of more or less dissimilar mor-
phological strains. When single-spore isolations are repeated through a
number of successive generations some of the strains remain constant, oth-
ers continue to break up into further variations. Heuberger (4) has demon-
strated that the conidia of Sclerotinia fructicola are multinucleate, which has
been confirmed by Dr. Eckerson of this Institute. It was thought that the
variation in germination of conidia of Sclerotinia fructicola might be due
to nuclear heterogeneity. A number of single-spore isolations were made
from the various figld isolates of S. fructicola by the method of Ezekiel (2).
From these, repeated single-spore isolations were made, thus giving a large
number of second generation single-spore isolates. No constant morpho-
logical characters appeared in any of the isolates nor was there any evi-
dence that the various field isolates were different biological strains.

Spore germination tests were performed with a number of the second
generation single-spore isolates. The variance for replicate transfers of the
single-spore cultures in these tests was compared with that of a number of
mass-spore cultures. The data are summarized below.

Degrees of freedom Sums of squares Variance
Mass-spore 39 . 39412 1011
Single-spore 34 281253 827
There is no significant difference between the variation of replicate
transfers from mass or single-spore cultures. Further comparisons on mass
and single-spore isolates will appear on page 16. -
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TECHNIQUE OF OBTAINING SPORES

The customary method of obtaining the spores which had been used
up to this point was as follows:

Washing and not centrifuging. About 5 cc. of distilled water were blown
into the test tube culture from a wash bottle, the test tube violently shaken
half a dozen times, and the resulting spore suspension poured off through
a filter of cheesecloth to hold back large pieces of mycelium and dislodged
agar. Germination was in 0.02 per cent orange juice.

It was thought that soluble nutrients dissolved from the culture media
in unequal amounts might cause a variation in the germination response.
Accordingly, other techniques were devised in which the agar was not
broken up, the spores were not allowed to come in contact with the soluble
nutrients, or the soluble nutrients were removed. The techniques were as
follows:

Washing and centrifuging. The spores were washed off as before, then
centrifuged for one minute in a clinical centrifuge, and the nutrient-con-
taining liquid decanted. The spores were taken up in fresh distilled water
and germinated in 0.02 and o.10 per cent orange juice. The higher con-
centration of orange juice appeared desirable because of the removal of the
nutrient material -and possibly, also, stimulants from the surface of the
spores.

Vacuum and centrifuging. Spores were removed by the vacuum tech-
nique previously described (8), centrifuged as above, and germinated in
o0.10 per cent orange juice.

Rubbing and centrifuging. Ten cc. distilled water were added to each
agar slant culture and the spores lightly rubbed off with a rubber police-

TABLE V

SUMMARY OF DATA ON REPLICATE TRANSFER VARIATION FOR DIFFERENT METHODS OF
(BTAINING SPORES. APPROXIMATELY 85-100 SPORES PER COUNT AND TOTAL OF 300,000

Per cent | Single or | Degrees | Sums Standard

Method orange | mass-spore of of Variance | devia-
juice isolate | freedom | squares tion

Washing-not centrifuging | o.02 Single 34 28125 827.2 28.8
Washing-centrifuging 0.02 Single 91 12110 133.1 11.6
Washing-centrifuging 0.10 Single 18 2170 120.6 11.0
Vacuum-centrifuging 0.10 Single 17 1305 76.8 8.8
Rubbing-centrifuging 0.10 Single 215 113090 52.6 7.2
Rubbing-centrifuging 0.10 Mass 66 2547 ,38.6 6.2
Washing-not centrifuging 0.02 OJ vs. Washing-centrifuging 0.02 OJ Highly significant
Washing-centrifuging 0.02 O] vs. Washing-centrifuging o.10 O} + Not significant
Washing-centrifuging 0.10 0 vs. Rubbing-centrifuging o0.10 O Highly significant
Vacuum-centrifuging 0.10 0 vs. Rubbing-centrifuging 0.10 0 Not significant
Washing-centrifuging o.10 O] vs. Vacuum-centrifuging o0.10 0 Not significant

Single-spore rubbing-centrifuging vs. Mass-spore rubbing-centrifuging  Not significant
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TABLE VI

PERCENTAGE GERMINATION OF CONIDIA OF SCLEROTINIA FRUCTICOLA IN COPPER SULPHATE
SoLUTIONS. SPORES OBTAINED BY RUBBING AND CENTRIFUGING TECHNIQUE. FOUR
REPLICATE TRANSFERS.* SIX FI1ELD ISOLATES.

THREE REPLICATE EXPERIMENTS. 100 SPORES PER COUNT

P'g' m.| Exp. |__ Field isolate )
u No. Vs V37 V38 L 37 L 38 S 38
1 69* 85 84 82 91 71 88 91 82 82 77 .91
61 83 88 75 88 92 70 8s 77 88 77 88
0.5 2 77 83 91 68 9o 84 85 76 84 77 76 64
82 89 82 92 86 oo 84 84 80 86 66 85
3 95 89 69 82 91 95 97 95 89 83 89 9o
92 97 78 55 92 89 92 95 86 87 95 93
1 57 42 62 53 53 40 53 72 76 70 45 79
42 43 70 75 80 52 54 57 75 73 50 63
1.0 2 49 51 83 49 61 71 65 56 78 66 53 41
41 64 57 49 6o 54 58 71 59 70 32 38
3 78 68 55 71 79 57 85 81 65 77 68 72
66 9o 51 49 75 82 74 o1 50 69 76 67
1 8 8 27 25 53 39 16 11 31 28 31 23
16 3 13 16 51 20 16 13 53 13 39 30
2.0 2 28 34 32 37 20 20 9 II 12 4 15 24
11 44 31 34 17 23 8 12 16 5 50 27
3 63 43 18 22 12 20 28 17 24 20 27 24
24 31 23 28 26 10 29 16 31 67 21 19
1 2 o 18 26 29 22 5 o 3 13 6 5
2 1 9 10 18 7 T 1 3 2 16 7
3.0 2 4 7 5 4 3 1 6 3 3 o 4 5
4 20 9 2 3 1 2 4 6 3 7 1
3 14 17 10 7 5 2 15 4 2 3 8 6
14 1I 19 8 4 1 5 17 13 10 9 8
Analysis of Variance
Degrees of Sums of .
freedom squares Variance
Replicate transfers 54 2163.7 40.07
Ficld isolates 5 128.3 25.66
Replicate experiments 2 1702.7 851.35
Cu concentrations 3 121756.6 40585.53
R_epllqate transfers X concentrations 162 5354.9 33.05
Field isolates X experiments .10 3666.4 366.64
Field isolates X concentrations 15 1726.8 115.12
Exfenments quncentrations 6 302.0 50.33
Isolates X experiments X concentrations 30 3000.3 100.31
Total 287 139810.7
Replicate transfers vs. Field isolates Not significant

Replicate transfers vs. Replicate experiments  Significant

* Results on same reg}icatc transfer are reported in same quarter of box e.g., results for
first replicate transfer of V 35 Experiment 1 are 69, 57, 8, and 2.
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TABLE VII

PERCENTAGE GERMINATION OF CONIDIA OF SCLEROTINIA FRUCTICOLA IN COPPER SULPHATE
SoOLUTIONS. SPORES OBTAINED BY RUBBING AND CENTRIFUGING TECHNIQUE. Six
SINGLE-SPORE ISOLATES FROM FIELD ISOLATE V 35. FOUR REPLICATE TRANSFERS.*

THREE REPLICATE EXPERIMENTS. 100 SPORES PER COUNT

IS5

P'g' m. | Exp. o Single-spore isolates

u | No. DA DK EE EL FD FM

1 88* 87 81 86 82 88 92 86 68 70 74 71

94 or 91 93 88 78 65 75 71 72 58 61

2 86 87 | 80 o3 | o2 73 | 82 84 | 82 85 | o4 87

0.5 70 87 86 8o 87 94 92 91 89 84 94 78

3 89 87 74 8o 88 79 73 84 81 83 93 04

90 79 67 87 80 89 8o 86 85 83 80 92

1 69 43 70 61 51 08 43 36 55 45 6o 71

76 69 57 38 45 57 47 50 47 26 64 36

1.0 2 57 062 62 87 72 66 70 58 70 61 75 6o

38 73 66 53 61 76 8o 73 52 59 79 00

3 83 79 73 42 79 72 52 65 67 62 66 77

80 56 45 58 59 67 48 78 58 61 67 70

1 27 47 12 9 50 21 12 22 38 17 41 18

33 42 13 3 16 20 6 7 35 21 21 24

2.0 2 28 26 26 30 25 54 25 24 53 33 53 25

29 23 26 22 34 44 30 42 32 43 29 12

3 35 49 43 38 25 30 22 34 19 22 34 19

33 35 48 02 18 17 3t 38 12 2§ 23 21

1 8 o 2 7 1 2 4 2 1 8 17

13 10 2 1 4 2 1 o 7 o I 6

3.0 2 4 8 10 18 ! 16 25 13 6 22 20 19 6

12 6 13 13 7 20 6 3 13 10 12 4

3 19 I1 28 19 8 5 13 14 ' 8 7 13 10

18 0 40 24 7 8 28 29 5 10 4 19

Analysis of Variance
Degrees of Sums of .
freedom squares Variance
Replicate transfers 54 2988.9 55.35
Single-spore isolates 5 618.9 123.78
Replicate experiments 2 2829.4 1414.70
Cu concentrations 3 100703.8 33567.93
Replicate transfers X concentrations 162 4038.1 24.92
Single-spore isolates X experiments 10 1022.4 102.22
Single-spore isolates X concentrations 15 4775 31.83
Experiments X concentrations 6 454.3 75.72
Isolates X experiments X concentrations 30 3687.4 122.91
Total 287 117720.7

Replicate transfers vs. Single-spore isolates

Replicate transfers vs. Replicate experiments

Not significant

* See footnote Table VI.

Highly significant



16 CONTRIBUTIONS FROM BoYCE THOMPSON INSTITUTE [VoL. 11

man, care being taken not to break the surface of the media. Spores were
filtered through cheesecloth, centrifuged as above, and germinated in o.10
per cent orange juice.

A total of 31 experiments on the various techniques with single and
mass-spore isolates were performed and about 300,000 spores counted.
The results are summarized in Table V. Actual examples of the variation
resulting from the washing and not centrifuging technique may be seen in
Tables I, II, 111, and IV, and from the rubbing and centrifuging in Tables
VI and VII.

It will be seen in Table V that by improvements in the technique of ob-
taining spores, whereby the soluble nutrients have been removed, a great
reduction has been effected in the variation of replicate transfers. By chang-
ing from the original technique to that of rubbing and centrifuging there
has been a 15 to 20-fold reduction in variation thus leaving a residual error
comparable to that of random sampling.

The rubbing technique while not showing a significant difference in
precision from the vacuum technique is considered more dgsirable because
of its greater simplicity. The act of centrifuging alone, as shown in the
washing technique, brought about a great reduction in variation. It will
be noted that the increase in concentration of orange juice has not affected
the variation of replicate transfers. Even with the improved technique
there is no significant difference in variation between mass and single-
spore isolates.

VARIATION OF REPLICATE EXPERIMENTS WITH MASS AND
SINGLE-SPORE ISOLATES

Tests were made of the variation of replicate experiments using both
mass and single-spore isolates. This procedure will also measure the in-
dividuality or consistency of germination of differentisolates through rep-
licate experiments. Two isolates might appear to be different in one ex-
periment but unless this difference is maintained in different experiments
it cannot be considered significant.

The improved technique of obtaining spores by rubbing and centrifug-
ing was employed. Since it has been shown in this paper that the replicate
counts do not vary appreciably more than is to be expected by random
sampling, this practice was discontinued and a single count on 100 spores
recorded. Four replicate transfers were used throughout at concentrations
of 0.5, 1.0, 2.0, and 3.0 p.p.m. copper. Typical examples of replicate experi-
ments on the same isolates are shown for mass-spore cultures in Table VI,
and for single-spore in Table VII.

A summary of all the analyses on the replicate experiments is given in
Tables VIII and IX.
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TABLE VIII

SUMMARY OF DATA ON MaAss-SPORE ISOLATES WITH RUBBING AND CENTRIFUGING
TECHNIQUE OF OBTAINING SPORES

Degrees of Sums of .

freedom squarces Variance
Replicate transfers 66 2547 38.6
Replicate experiments 3 1938 612.7
Field isolates 6 163 27.5
Cu concentrations 6 135567 22594.5
Replicate transfers X concentrations 198 7602 38.7
Field isolates Xreplicate experiments 11 4062 369.3
Other interactions 6o 650r1 108.3

Total 350 158442
Replicate transfers vs. Replicate experiments  Highly significant
Replicate transfers vs. Field isolates Not significant
TABLE IX

SuMMARY OF DATA ON SINGLE-SPORE ISOLATES WITH RUBBING AND CENTRIFUGING
TECHNIQUE OF OBTAINING SPORES

Degrees of Sums of o
freedom squares Variance

Replicate transfers 239 13435 56.2
Replicate experiments 8 11041 1380.1
Field isolates 7 6952 993.1
Single-spore isolates within field isolates 24 (138 ¢ 242.1
Cu concentrations 18 405279 25848.8
Replicate transfers X concentrations 717 20306 28.3
Field isolates X replicate experiments 7 2722 388.9
Single-spore isolates Xreplicate experiments 34 52901 155.6
Other interactions 240 21988

Total 1204 552823
Replicate transfers vs. Replicate experiments Highly significant
Field isolates vs. Field isolates Xrepl. exps. Not significant

Single-sporc isolates vs. Single-spore isol. Xrepl. exps.  Not significant

It will be noted that the variation of replicate transfers is almost re-
duced to that of random sampling. The difference probably may be as-
cribed to the variation of spore concentrations. However, despite the low
variation of replicate transfers, the variation of replicate experiments re-
mains high. A possible explanation for this is that the sterile slants inocu-
lated to produce spores for the different experiments may be from different
batches of agar and even where these were the same the slants would dif-
fer in age at the different experiments. Until such time as this source of
variation can be substantially reduced our criterion for the comparison of
isolates must be the consistency of the difference in different experiments,
that is the interaction isolates X experiments. Likewise in evaluating fun-
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gicides our criterion for error must be the interaction fungicides X experi-
ments.

The different field isolates as represented by mass-spore cultures in
Table VIII show no significant difference from one another. Since one of
these isolates, V 35, has been in culture for four years it is also an indication
that there has been no loss or change in spore-germinating capacity
through repeated culturing on artificial media.

The data of Table I1X on cultures from second generation single-spore
isolates indicate that while the field and single-spore isolates vary more
than replicate transfers of the same isolate, or than error (concentration—
replicate transfer interaction) nevertheless they are not significant over
their respective experiment interactions. We must therefore conclude that
neither the single-spore isolates nor the field isolates show any consistent
individuality.

DISCUSSION

The chief sources of variation in spore germination tests of fungicides
are likely to be (a) improperly cleaned glassware, especially slides and
moist chambers; (b) age of cultures; (c) concentration of spore suspension;
(d) temperature; (e) introduction of variable stimulants from culture
media; (f) experimental or day-to-day error due to use of different lots of
spores; and (g) errors of concentration in fungicide. The first two factors
can be readily controlled and the last will be elaborated on in detail in the
second paper of this series.

The concentration of the spore suspension should be regulated as far
as possible since the toxicity of a given compound is likely to decrease with
increasing numbers of spores (6, 7). The abiljty to obtain uniform samples
of spore suspension is dependent chiefly on the properties of the spores
themselves. In the case of Sclerotinia fructicola the coefficient of variation
for successive counts in samples of the same lot, is about 17 per cent. This
variation will tend to make the residual error somewhat greater than that
of pure random sampling,

If possible the tests should be performed in a constant temperature
room or chamber. Many ‘lost’’ experiments may be attributed to fluctuat-
ing temperatures. Since the acquisition of the constant temperature room
over a million spores have been counted during a period of 18 months with-
out the loss of a single experiment. Controls of Sclerotinia fructicola usually
considered very variable have germinated consistently between g6 and 100
per cent. .

By the use of a suitable technique, such as rubbing and centrifuging,
it is possible to eliminate practically all of the variation due to stimulants
from the substrate. Any residual variation over and above that of random
sampling, if necessary, can be further reduced by mixing together spores
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from several replicate transfers. It has been observed that when the spores
of Sclerotinia fructicola and various other species are washed and centri-
fuged or otherwise separated from soluble nutrients of the media their
germination is reduced. It is doubtful if these species will germinate readily
in pure distilled water. The use of added stimulants such as orange juice
may be questioned. Nevertheless it appears more desirable to remove the
uncertain and variable stimulants from the culture medium and replace
them by the more constant orange juice.

As the various factors responsible for variation are reduced or elim-
inated so the day-to-day variation will be diminished. However, it is prob-
lematical if this day-to-day error can ever be reduced to that of random
sampling. It therefore becomes necessary to compare fungicides on the
basis of the consistency of their differences in different experiments. This
also may be accomplished by running a standard fungicide in every experi-
ment with which the other materials may be compared (11).

SUMMARY

1. An analysis of the biological factors causing variation in spore ger-
mination tests of fungicides was attempted. Studies were made of the ger-
mination of about 400,000 conidia of Sclerotinia fructicolu in copper
sulphate solutions, using the slide-moist chamber technique. The spores
were obtained from seven-day-old cultures on potato-dextrose-agar slants.
For the most part, the spores were produced and germinated in a constant
temperature room designed for this purpose and maintained at 21.0 +0.5°C.

2. It was found that spores from replicate transfers, i.c., similar agar
slants inoculated at the same time from the same stock culture, vary a
great deal more than would be expected from random sampling. Replicate
counts, however, on spores from the same transfer vary no more than ran-
dom sampling.

3. This variation is not due to differences in the size of culture test
tubes, tightness of cotton plugs, or of inoculum consisting of spores or of
mycelium.

4. By improving the technique of obtaining the spores from the agar
slants a 15 to 2o0-fold reduction was effected in the variation of replicate
transfers, making it comparable to the unavoidable error of random sam-
pling. The improved technique consists of adding distilled water to the
culture tube, lightly rubbing the spores off with a rubber policeman, filter-
ing the spore suspension through cheesecloth, centrifuging and decanting
the supernatant liquid containing water-soluble nutrients from the agar
slants which are responsible for the variation,

5. Detailed comparisons of mass-spore isolates from several localities
and of single-spore isolates obtained from them show no consistent dif-
ferences either between or among the various mass or single-spore isolates
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as to variability of replicate transfers or response to given concentrations

of copper.
6. Even with the use of the improved technique there remains a sig-

nificant variation between similar experiments repeated at different times.
This variation is possibly due in part to the necessity of using different
batches or ages of agar to produce spores for the different experiments.

7. Until the variation of replicate experiments, due to the use of differ-
ent lots of spores, can be reduced, our criterion for comparing fungicides
must be the consistency of their differences in different experiments.
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PROPERTIES OF CRYSTALLINE -2-CHLORO-
ETHYL-d-GLUCOSIDE!

Jack CompTON

The condensation of d-glucose with ethylene chlorohydrin in the pres-
ence of hydrogen chloride to yield an uncrystallizable mixture of a- and
B-2-chloroethyl-d-glucoside was first reported by Schroeter and Strass-
berger (7). In view of the recent interest shown in the halogeno-alkyl glu-
cosides (a) as intermediary substances in the preparation of choline glu-
cosides (4), and (b) as a means of studying induced glucoside formation
in plants (5, 6), an attempt was made to obtain 2-chloroethyl-d-glucoside
in crystalline form.

Employing conditions similar to those described by Jackson (4), Coles,
Dodds, and Bergeim (1), and by Miller (5), crystalline S-tetraacetyl-2-
chloroethyl-d-glucoside was obtained which upon careful deacetylation
(3) yielded crystalline 8-2-chloroethyl-d-glucoside with a melting point of
70°-71° C. and specific rotation in water, — 29.0°. Catalytic hydrogenation
of B-2-chloroethyl-d-glucoside in the presence of alkali and Raney nickel
catalyst resulted in the formation of 3-ethyl-d-glucoside which was isolated
as the crystalline tetraacetate.

B-2-chloroethyl-d-glucoside is the first of the halogeno-alkyl glycosides
to be obtained in crystalline condition.

EXPERIMENTAL
PREPARATION OF ﬁ-TETRAACETYL-2-CHLOROETH YL-d-GLUCOSIDE

With slight modification B-tetraacetyl-2-chloroethyl-d-glucoside was
prepared according to the procedure described by Jackson (4).

To a solution of 45 g. of acetobromoglucose and 134 g. of ethylene
chlorohydrin in 312 cc. of dry benzene, 46 g. of dry silver carbonate were
added in small portions over a period of 10-15 minutes with vigorous stir-
ring. The mixture was cooled with ice-water during the first 15-20 minutes
to control the temperature resulting from the reaction. Finally the mixture
was stirred at room temperature until a negative test for ionic halogen was
obtained. After filtration and thorough washing with water the benzene
solution was dried over anhydrous sodium sulphate, filtered, and concen-
trated under higher vacuum to a solid crystalline mass. The product was
then recrystallized from absolute ethyl alcohol. Upon concentrating the
mother liquors from the first recrystallization additional pure material was
obtained. Yield, 36 g. or 8o per cent of theoretical. Melting point, 118°~
119° C., [a]¥, —13.0° (c, 4.087, U.S.P. CHCly).

t Cellulose Department, Chemical Foundation, Boyce Thompson Institute for Plant
Research, Inc., Yonkers, New York.

(21)
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Jackson (4) reported a yield of 69 per cent; melting point, r18.5°-
119.5° C., and [a]p, —13.7° (CHCly).

CRYSTALLINE 8- 2-CHLOROETHYL-d-GLUCOSIDE

To a solution of 5 g. of B-tetraacetyl-2-chloroethyl-d-glucoside dis-
solved in 160 cc. of anhydrous methyl alcohol there were added at o° C. 5
cc. of a 0.4 N solution of barium methylate in methyl alcohol (3). After
standing at 5° C. for 20 hours the barium methylate was decomposed by
the addition of the exact equivalent of o.5 N sulphuric acid solution. The
solution was then treated with charcoal, filtered through Celite, and con-
centrated under diminished pressure to a thick sirup. The crude product
was further purified by dissolving in hot ethyl acetate, treating with char-
coal, and again filtering through Celite. The clear filtrate was then con-
centrated under diminished pressure to a thick sirup and dissolved in 10 cc.
of ethyl acetate. The first crystals were obtained by allowing the solution
to stand for several months at 5° C., but in subsequent experiments it was
only necessary to nucleate the ethyl acetate solutions at this point to
initiate crystallization. After standing overnight at 5° C. the product had
completely crystallized in the form of needle clusters. Yield, 3 grams. After
the second recrystallization from ethyl acetate-petroleum ether a constant
melting point of 70%-71° C. was obtained, [a]¥, —29.0° (c, 3.244, water).
Amnal. Caled. for CsH;305Cl: C, 39.57; H, 6.23; Cl, 14.61. Found C, 39.19;
H, 6.00; Cl, 14.66.

PREPARATION OF B-TETRAACETYL-2-CHLOROETHYL-d-GLUCOSIDE
BY THE ACETYLATION OF 3-2-CHLOROETHYL-d-GLUCOSIDE

B-2-chloroethyl-d-glucoside (229 mg.) was dissolved in 3 cc. of dry
pyridine and 1 cc. of acetic anhydride added. After thorough stirring the
mixture was allowed to stand overnight at room temperature and then
poured with stirring into roo cc. of ice-water. The crystalline material sep-
arating was removed by filtration, thoroughly washed with cold water and
dried. Yield, 343 mg. After one recrystallization from ethyl alcohol a melt-
ing point of 118°~119° C. was obtained unchanged by further recrystalli-
zation; [a]}), —13.0° (¢, 4.144, CHCl;). A mixed melting point of this ma-
terial with the original 8-tetraacetyl-2-chloroethyl-d-glucoside showed no
depression.

CATALYTIC REDUCTION OF f3-2-CHLOROETHYL-d-GLUCO-
SIDE FOLLOWED BY ACETYLATION TO YIELD (3-
TETRAACETYLETHYL-d-GLUCOSIDE

To a solution of 2.27 g. of 8-2-chloroethyl-d-glucoside in 735 cc. of ethyl
alcohol, 4 cc. of 18 per cent sodium hydroxide solution and a suspension of
Raney nickel catalyst in ethyl alcohol were added. The mixture was then
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subjected to 3 atmospheres hydrogen pressure and hydrogenation allowed
to proceed until the theoretical amount of hydrogen had been absorbed.
The nickel catalyst was then removed by filtration and the excess alkali
neutralized by passing.in a stream of carbon dioxide gas. The separating
salts were removed by filtration and the clear filtrate concentrated under
diminished pressure to a thick sirup. The glucoside was dissolved in hot
acetone, the solution filtered and concentrated under diminished pressure.
The sirup was finally dissolved in 10 cc. of dry pyridine and § cc. of acetic
anhydride added. After standing overnight at room temperature the solu-
tion was poured into 1oo cc. of ice-water. The sirupy product first separat-
ing soon crystallized and was removed by filtration. After thorough wash-
ing with cold water the air-dried material was recrystallized from absolute
ethyl alcohol. Yield, 1.4 grams. Melting point, 106°-107° C. A mixed melt-
ing point of this material with an authentic specimen (2) of B-tetraacetyl-
ethyl-d-glucoside showed no depression.

SUMMARY

B-2-chloroethyl-d-glucoside has been obtained in crystalline form with
melting point 70°=71° C., |alyy, —29.0° (CHCIl;). Hydrogenation of the
glucoside in the presence of Raney nickel catalyst followed by acetylation
yields crystalline 8-tetraacetylethyl-d-glucoside.
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SYNTHESIS OF B-0-CHLLOROPHENOL-d-GLUCOSIDE!
LAWRENCE P. MILLER

When potato tubers or gladiolus corms are treated with ethylene chlo-
rohydrin in order to break the rest period (2, 3, 4), the absorbed ethylene
chlorohydrin is converted into 8-(2-chloroethyl)-d-glucoside (7, 9). Further
experiments with other plant tissues and with other aglucons have in-
dicated that the formation of glycosides from absorbed non-naturally oc-
curring substances can take place quite generally among the higher plants
(8). Thus if gladiolus corms are exposed to the vapor of o-chlorophenol,
considerable quantities are taken in by the corms, and several days after
the end of the period of exposure the o-chlorophenol is no longer recovera-
ble by distillation unless tissue extracts are first acted upon by emulsin
(unpublished). Since it had been found that 8-(2-chloroethyl)-d-glucoside
is formed by gladiolus corms from ethylene chlorohydrin, it was reasonable
to suppose that in all probability the glycoside formed from o-chlorophenol
would be B-o-chlorophenol-d-glucoside. For purposes of comparison it was
desirable to know the properties of this glucoside and its tetraacetate, and
since these data are not available in the literature it was necessary to syn-
thesize these substances.

The work with gladiolus corms, which will be published in detail in a
later paper, has shown, however, that the glycoside formed from o-chloro-
phenol is not (-o-chlorophenol-d-glucoside since acetylation of partially
purified preparations of the glycoside has yielded a crystalline derivative
which melts about 57° C. higher than synthetic 8-o-chlorophenol-d-gluco-
side tetraacetate and has a considerably higher molecular weight as judged
by the chlorine content. It was, therefore, thought desirable to publish
separately the data on synthetic 8-o-chlorophenol-d-glucoside.

EXPERIMENTAL

Synthesis of B-o-chlorophenol-d-glucoside tetraacetate. The procedure
used was based on the work of Helferich and Schmitz-Hillebrecht (5) who
have prepared various phenol glycosides by direct reaction between the
acetylated sugar and phenol in the presence of a suitable catalyst. A mix-
ture of 128 g. (1 mole) of o-chlorophenol, g7 g. (0.25 mole) of pentaacetyl
glucose, and 1.3 g. of p-toluenesulphonic acid was heated, with constant
stirring, in an oil bath for 30 minutes at 115° C. followed by 20 minutes at
125°. After cooling, the material was dissolved in 300 cc. benzene and shak-
en with dilute NaOH solution to remove the excess o-chlorophenol. This
procedure for the removal of the o-chlorophenol did not prove feasible be-

t Herman Frasch Foundation for Research in Agricultural Chemistry, Paper No. 204.
Copyright, 1940, by Boyce Thompson Institute for Plant Research, Inc.
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cause of the formation of emulsions and the phenol was finally removed by
distillation under vacuum (temperature less than 30°) with repeated addi-
tion of water as required. The product crystallized on the addition of ab-
solute alcohol to the contents of the flask after the o-chlorophenol had been
driven off. After several recrystallizations from a mixture of absolute alco-
hol and acetone, 24 g., melting at 150.5° to 151° (Corr.), were obtained.
This represents a yield of about 20 per cent based on the pentaacetyl glu-
cose. Optical rotation was found to be [a]8 = —44.6° in CHCl; (concn.
3.755 €.).

Analyses:? Calculated for CiH201Cl: C, 52.35; H, s5.05; Cl, 7.73.
Found: C, 52.49, 52.42; H, 5.36, 5.32; Cl, 7.58, 7.54.

Deacetylation of (B-o-chlorophenol-d-glucoside tetraacetate to form (-o-
chlorophenol-d-glucoside. A suspension of 7.46 g. of the tetraacetate in an-
hydrous methyl alcohol was cooled in an ice-salt mixture and the equiva-
lent of 5 cc. 0.5 N barium methylate in methyl alcohol added (6, p. 1185).
After standing in the icebox for about 24 hours 5 cc. of 0.5 N HySO, were
added and the solution filtered. On evaporation of the filtrate under vac-
uum the glucoside separated out in crystalline form. Three crops of crystals
with a total weight of 4.21 g. (yield, 8¢9 per cent) were obtained. The pure
substance, recrystallized several times from ethyl acetate, melts at 171° to
171.5°% and has a specific rotation of [a]}3= —65.3° in absolute alcohol
(conen. 3.57 g.). It is quite soluble in water and ethyl alcohol, less soluble
in cold ethyl acetate.

Analyses:? Calculated for C;3H;;06Cl: C, 49.58; H, s5.20; Cl, 12.20.
Found: C, 49.49, 49.67; H, 5.09, 5.26; Cl, 11.71, 11.70.

Preparation of B-o-chlorophenol-d-glucoside tetraacetate by acetylation of
the synthetic glucoside. A 218 mg. portion of B-o-chlorophenol-d-glucoside
was acetylated by dissolving in 10 cc. dry pyridine, adding 5 cc. of acetic
anhydride, and allowing the reaction to proceed at room temperature
overnight. The next morning the mixture was slowly poured, with con-
stant stirring, into 75 cc. of ice-water. After standing for one-half hour the
crystalline product was filtered off, washed with water, and dried in a
CaCl, desiccator. Yield, 336 mg., melting point, 150.5° to 151° On re-
crystallization from absolute alcohol the melting point remained un-
changed, and no depression of melting point resulted when mixed with
some of the tetraacetate prepared in the original synthesis. Optical rota-
tion was found to be [a]}3 = —44.2° in CHCl; (concn. 3.165 g.).

Hydrolysis of B-o-chlorophenol-d-glucoside by emulsin. To 32.8 mg. of
B-o0-chlorophenol-d-glucoside dissolved in 100 cc. of water were added 100
cc. of o.1 M acetate buffer of pH 4.75 and 100 mg. of emulsin (British Drug
Houses Ltd.). After 22 hours at 35° the mixture was distilled and 100 cc. of

2 The author is indebted to Miss H. Jeanne Thompson for performing the micro-
analyses.
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distillate collected. The o-chlorophenol in the distillate was determined by
adding an excess of bromine in the form of a 0.1 N potassium bromate solu-
tion and determining the excess bromine iodometrically under the condi-
tions recommended for the quantitative determination of phenol (I,
p. 281). (Previous trials with this method had shown this to be a satisfactory
quantitative method for the determination of o-chlorophenol, a dibromo
derivative being formed.) The quantity of o-chlorophenol recovered in the
distillate showed that g3 per cent of the glucoside present had been hydro-
lyzed. As a control, 26 3 mg. of glucoside were carried through the same
procedure except that the emulsin was omitted. The distillate from this
control sample absorbed only a trace of bromine.

SUMMARY

-o-chlorophenol-d-glucoside tetraacetate was prepared by heating o-
chlorophenol with pentaacetyl glucose in the presence of p-toluenesul-
phonic acid. On deacetylation crystalline B-o-chlorophenol-d-glucoside was
obtained.
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CONTROL OF BUD GROWTH AND INITIATION OF
ROOTS AT THE CUT SURFACE OF POTATO
TUBERS WITH GROWTH-REGULATING
SUBSTANCES!

Jonn D. GuTHRIE

The great interest shown recently in growth-regulating substances of
the auxin type raised the question of the relation of these substances to the
rest period or dormancy shown by certain plants. Furthermore, a number
of papers have appeared in which a shortening of the rest period following
treatment with synthetic growth-regulating substances has been reported.
On the contrary, the inhibiting action of these substances on bud growth
observed originally by Thimann and Skoog (14) offered a possible expla-
nation for the dormancy of buds during the rest period. It has been shown
by Denny (4) that another group of chemical substances of which ethylene
chlorohydrin, potassium thiocyanate, and thiourea are examples, is very
effective in breaking the rest period of plants by stimulating prompt growth
of the buds. An obvious question is whether these dormancy-breaking
chemicals act by either increasing or decreasing the auxin content of the
tissue. An analytical answer to this question is difficult at present due to
the inadequacy of methods for quantitatively extracting auxin from tis-
sues. Some data using available methods will be presented.

Although most of the experiments reported in this paper are open to the
criticism that the synthetic growth substances used most frequently in ex-
perimental work are not natural auxins and may act differently from na-
tural auxins, little support is offered for the idea that the rest period is
controlled by changes in the amount or activity of auxin-like substances in
the tissues. It will be obvious to the reader, however, that certain of the
results presented in this paper, considered separately, might be regarded
as supporting such an idea. Of especial interest in this respect is the fact
that potato tubers may be put into a state resembling natural dormancy
by treatment with naphthaleneacetic acid or its methyl ester and then
made to grow again by treatment with ethylene chlorohydrin (9, 10). How-
ever, it is likely that if some inhibiting substance does explain the dor-
mancy of buds, it is different from auxin.

Certain of the experiments have a bearing on the converse question of
what effect the state of dormancy has on the action ot synthetic growth-
regulating substances, since it was observed that old or non-dormant tu-
bers rooted more readily at the cutsurface than dormant or freshly-harvest-
ed tubers following treatment with indoleacetic acid and, furthermore,

1 Herman Frasch Foundation for Research in Agricultural Chemistry, Paper No. 205.
Copyright, 1940, by Boyce Thompson Institute for Plant Research, Inc.

(29)
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rooting at the cut surface induced by indoleacetic acid was increased by a
preliminary treatment with ethylene chlorohydrin.

INHIBITION OF THE SPROUTING OF NON-DORMANT POTATO TUBERS
BY TREATMENT WITH INDOLEACETIC ACID OR
NAPHTHALENEACETIC ACID

As shown in previous publications (7, 8, g), indoleacetic acid and naph-
thaleneacetic acid have a marked inhibiting action on the sprouting of old
or non-dormant potato tubers. Additional experiments have been made
to establish certain details of concentration and duration of treatment.

Method of treatment. Most of the treatments were made by the basal
soak method. Approximately cubical pieces with one non-sprouting eye in
the center of one side were cut from potato tubers (Solanum tuberosum L.).
These pieces were washed and dried with cheesecloth. They were then
mixed and arranged in open Petri dishes, 12 to a dish, with the eyes up.
After the dishes had been placed in a room at 10° C., the solution was
poured into the dishes; usually 125 cc. were used, which came about half-
way up the sides of the pieces. After a stated interval, the pieces were
planted in soil, 12 to a flat. The flats were usually piled up in the basement
at about 25° C. for observation. In some cases the flats were placed in the
greenhouse or outside, depending on the season. The flats were observed at
intervals of three to seven days and the number of pieces showing a sprout
above ground recorded. From these data the time in days after planting for
half of the pieces to.show sprouts above ground was obtained. This is es-
sentially the time for the median piece to sprout.

Indoleacetic acid. The effect of various concentrations of neutralized 3-
indoleacetic acid on the sprouting of non-dormant potato tubers is shown

.in Table I. The details of the experiments are as follows:

Exp. 1. Irish Cobbler tubers from New Jersey, harvested about three
months previously, were used. The pieces weighed about 10 g. each. After
three days a thin slice was cut from the bottom of each piece, a fresh solu-
tion added, and the treatment continued for three more days. The indole-
aceticacid was neutralized with an equivalent amount of sodium hydroxide.

Exp. 2. Irish Cobbler tubers from Connecticut, harvested about five
months previously, were used. The procedure was the same as in Exp. 1,
except that the potassium salt of indoleacetic acid was used.

Exp. 3. Bliss Triumph tubers from Florida which had probably been
in storage several months were used. The pieces weighed about 20 g. The
potassium salt was used.

Exp. 4. Old Green Mountain tubers bought in the local market were
used. Pieces weighing 10 g. were treated for intervals of 3 days, 18 hours,
and 4 hours with the potassium salt.

Exp. 5. Old Green Mountain tubers bought in the local market were
used. Pieces weighing 10 g. were treated with the potassium salt.
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The results, summarized in Table I, show that potato tubers which
sprout 50 per cent in two weeks or less, require more than three weeks to
show the same per cent sprouting following treatment with a solution con-
taining 250 mg. per liter for three days or longer. Higher concentrations
bring about a more marked inhibition of sprouting. For example, in Exp.
3 all of the 12 pieces were in sound condition 100 days after treatment with
the potassium salt of indoleacetic acid, 1000 mg. per liter for three days.
Only one piece had sprouted. After 156 days only four of the pieces had
sprouted and the rest rotted without sprouting. A treatment with 500 mg.
per liter for three days was included in Exp. 3 but is not given in the table.
Half of the pieces were above ground in 118 days, and nine pieces sprouted
after 198 days. Short intervals of treatment inhibited sprouting if a high
concentration was used. For example, Exp. 5 shows that pieces which show
so per cent sprouts above ground in nine days require 25 days to show the
same per cent sprouting following a two-hour treatment with a solution
containing 1000 mg. of the potassium salt of indoleacetic acid per liter.

TABLE 1

INHIBITION OF THE SPROUTING OF NON-DorMANT PoTATO TUBERS BY TREATMENT WITH
NEUTRALIZED INDOLEACETIC ACID

Days for 50 per cent above ground

Conc., Exp. 1| Exp. 2| Exp. 3 Exp. 4 Exp. 5
mg. per - ] P e
liter Treat- |Treat- |Treat- |Treat- I'l‘roat- Treat- | Treat- |Treat- |Treat- |Treat-
ed 6| edo|ed 3|ed 3/cdi8]ced 4iedi6|ed8led 4| ced 2
days | days | days | days | hours | hours | hours | hours | hours | hours
|
1000 >060% >66 |{>156 28 25 25 25
250 33* 30 31 20 13 13
100 18* 14
o (H,0) 16 11 9| 10 10 10 9 9 ’ 9 9

* Free acid neutralized with equivalent amount of NaOH. In all other experiments
the potassium salt of indoleacetic acid was used.

Rooting at the cut surface such as has been reported previously (8) was
observed in most of the treated lots. Experiments dealing specifically with
such rooting will be described in a later section of this paper. It is well
known that synthetic growth-regulating substances hasten the rooting of
cuttings-—see Zimmerman and Hitchcock (19).

Naphthaleneacetic acid. The inhibiting effect of the potassium salt of
a-naphthaleneacetic acid on the sprouting of potato tubers is shown in
Table II. Green Mountain tubers from the local market were used in Exps.
1 and 2. In Exp. 3 Bliss Triumph tubers from Florida bought locally were
used. In all three experiments pieces weighing 20 g. were used.

The results show that a solution of 20 mg. per liter brings about con-
siderable inhibition of sprouting when applied for one day and marked in-
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hibition if applied for six days. Use of higher concentrations results in
marked inhibition even if applied for short intervals. For example, treat-
ment with a solution of 200 mg. per liter for two hours inhibited sprouting
for about 100 days. In an experiment which is not included in the table, the
pieces were treated by completely covering them with the solution for two
hours at 22° C., instead of using the basal soak procedure at 10° C. Marked
inhibition of sprouting was observed with 25 mg. per liter, while with 200
mg,. per liter only two pieces sprouted, although the rest of the pieces re-
mained in good condition for 100 days.
TABLE 11

INHIBITION OF THE SPROUTING OF NON-DORMANT POTATO TUBERS BY TREATMENT WITH THE
PoTtAssiuM SALT OF NAPHTHALENEACETIC ACID

Days 50 per cent above ground
Conc., B o
mg. per o o EXP ! .
liter Treated Treated Treated Treated
1 day 2 days 3 days 6 days
100 >130 >129 127 ">r124
20 30 38 43 71
o (H0) 7 8 9 8
Exp. 2
Treated Treated Treated
2 hours 4 hours 16 hours
200 109 12§ >125
o (H0) 8 8 8
Exp. 3
Treated Treated Treated
1 day 2 days 3 days
8o >88 35 > 88
40 72 54 30
20 32 30 38
10 28 26 27
5 20 24 26
o (H;0) 24 24 24

A comparison of Table II with Table I shows that naphthaleneacetic

acid is about ten times as effective as indoleacetic acid in inhibiting the
sprouting of potato tubers. Rooting was observed at the cut surface in all
of the treated lots, but it started much later and fewer pieces showed roots
than observed in the experiments with indoleacetic acid.

EFFECT OF CHEMICALS THAT BREAK THE REST PERIOD ON THE
SPROUTING OF POTATO TUBERS MADE “DORMANT" BY
TREATMENT WITH NAPHTHALENEACETIC ACID

Since treatment with indoleacetic acid and naphthaleneacetic acid in-
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duced a condition in potato tubers resembling natural dormancy inasmuch
as the tubers so treated did not grow when planted, it was a logical step to
see if dormancy-breaking chemicals such as ethylene chlorohydrin and
potassium thiocyanate would break this ‘‘dormancy.” Tubers were first
treated with the potassium salt of indoleacetic acid and then with either
ethylene chlorohydrin or potassium thiocyanate. Only slight increases in
the rate of sprouting were observed. Therefore attention was shifted to
tubers whose sprouting had been inhibited with naphthaleneacetic acid.
This substance is much more effective than indoleacetic acid in inhibiting
bud growth and producing marked inhibition at low concentrations. Pieces
of tubers, the sprouting of which was inhibited by treatment with naph-
thaleneacetic acid, sprouted promptly when treated with ethylene chloro-
hydrin. Potassium thiocyanate, however, had little effect. This is shown

TABLE III

EFFECT OF CHEMICALS THAT BREAK THE REsT PERIOD ON THE SPROUTING OF POTATO
TuBers MADE “DORMANT" BY TREATMENT WITH THE PoTAssIUM SALT OF
NAPHTHALENEACETIC ACID

3 ‘ . a *
Pieces treated with potassium salt of Days for 50 per cent ebow gl‘OUTld

naphthalceneacetic acid and then treated as follows: Exp. 1 Exp. 2 Exp. 3
Ethylenc chlorohydrin dip 25 cc. of 40 per cent per

liter 10, 10 10, 10 17, 17
Control—I1,0 43, 43 27,27 |>134, D134
Ethylene chlorohydrin vapor 1.5 cc. of 40 per cent per

700 g. 13, 12 10, 13
Control—closed container 48, 53 32, 35
KSCN, 20g. per liter, 2 hour soak 18, 20 28, 27
KSCN, 10 g. per liter, 2 hour soak 48, 24
Control—H.0 48,27 | 27,32

* Values separated by commas are duplicates.

in Table III. The details of the experiments are as follows:

Exp. 1. Green Mountain tubers from the local market were used. Un-
treated pieces from these showed 5o per cent above ground in nine days.
Pieces weighing about 20 g. were cut from these and treated by the basal
soak method for four days at 10° C. with the potassium salt of naphtha-
leneacetic acid, 1oo mg. per liter. The pieces were planted for four days.
They were then dug up, washed, and, except in the case of the chlorohydrin
vapor treatment, the callus tissue cut off in a thin layer. The pieces were
then mixed and treated with ethylene chlorohydrin and potassium thio-
cyanate as shown in Table I11. The ethylene chlorohydrin treatments were
for 24 hours.

Exp. 2. Another lot of Green Mountain tubers was used in this experi-
ment. Untreated pieces showed 50 per cent sprouting 12 days after plant-
ing. The treatments were the same as in Exp. 1, except that the preliminary
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treatment with the potassium salt of naphthaleneacetic acid was for only
three days, and the treatments with ethylene chlorohydrin and potassium
thiocyanate were made six days later. All the pieces had the callus tissue
cut off prior to the second treatment.

Exp. 3. Bliss Triumph tubers from Florida, purchased in the local
market were used for this experiment. Untreated tubers from this lot
showed 50 per cent sprouting in 24 days. The preliminary treatment with
the potassium salt of naphthaleneacetic acid was the same as in Exp. 1.
Treatments by the ethylene chlorohydrin dip method were made after the
tubers had been planted five days. Callus tissue was cut off. The pieces and
plants were dug up and photographed so days after the start of the experi-
ment as shown in Figure 1.

Table I1I and Figure 1 show clearly that pieces of non-dormant potato
tubers which sprout promptly when planted may have their sprouting re-
tarded or prevented by treatment with the potassium salt of naphthalene-
acetic acid. If such pieces are then treated with ethylene chlorohydrin,
they again grow promptly. Thus naphthaleneacetic acid induces a condi-
tion in the tubers resembling natural dormancy inasmuch’ as it can be
broken with ethylene chlorohydrin. A preliminary report has been made of
this (9). However, Table III shows that potassium thiocyanate which is
very effective in breaking natural dormancy of potato tubers (4) has only
slight effect on the ‘‘dormancy’’ induced by naphthaleneacetic acid. Al-
though natural dormancy in potato tubers may be due to the presence of
an inhibiting substance similar in action to naphthaleneacetic acid, these
experiments show that such an inhibitor must be different in its behavior
toward potassium thiocyanate.

INHIBITION OF THE SPROUTING OF THE.BUDS OF POTATO
TUBERS WITH THE VAPOR OF THE METHYL ESTER
-~ OF NAPHTHALENEACETIC ACID

All the experiments reported previously in this paper have been with
cut pieces of tubers. From a practical standpoint it was desirable to inhibit
the growth of the buds of whole tubers. It was found that this could be ac-
complished by spraying the tubers with naphthaleneacetic acid dissolved
in a mixture of olive oil and acetone and storing at 10° C. or by inserting
toothpicks soaked in a solution of the potassium salt into the tubers, a pro-
cedure similar to that used by Schneider (12). However, these methods
have certain obvious objections from a practical standpoint.

The best method for treating whole tubers is with a vapor. Since it
seemed likely that the methyl ester of naphthaleneacetic acid would be
slightly volatile, it was tried and found to be effective as previously re-
ported (10). In order to determine the limits of concentration, tempera-
ture, and time for such treatments, additional experiments were made.
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Various amounts of the methyl ester were dissolved in § cc. of acetone
and poured on four 11 cm. filter papers. After the acetone had evaporated,
the four papers were placed on top of six Bliss Triumph tubers in an
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FiGURE 1. Inducing dormancy in potato tubers with the potassium salt of naphtha-
leneacetic acid and then breaking it with ethylene chlorohydrin. A. Pieces trcated with the
potassium salt of naphthalencacetic acid, 100 mg. per liter for 4 days. B. Control picces
treated with water. C. Pieces like those shown in A treated with ethylene chlorohydrin,
24 hr. dip, 25 cc. of 40 per cent per liter. D. Pieces like those in A, treated with water.

enameled can and covered with half of a Petri dish but not sealed. One
series was left in the laboratory at 26° to 30° C., another in a room at 22°
C., and another in a room held at 10° C. Observations were made on each
tuber at intervals, and the total number of buds or eyes on the tubers as
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well as the number of buds sprouting was recorded. The results are given
in Table 1V, Exp. 1 A, where the totals for the six tubers in each lot are
given. The experiment shows that at temperatures of 22° and above, con-
siderable inhibition of bud growth was produced by as little as 2.5 mg. of
the methyl ester per six tubers, and marked inhibition with 22 mg. or over.
At 10° C. the inhibition was less marked, but clearly evident with 22 mg. or
over. The volatility of the methyl ester of naphthaleneacetic acid at 10° C.
may be demonstrated by the production of epinasty of the leaves of tomato

TABLE 1V

INHIBITION OF THE SPROUTING OF THE BUDS OF POTATO TUBERS WITH THE VAPOR OF THE
METHYL ESTER OF NAPHTHALENEACETIC ACID

Exp. 1 A Exp. 1 B
Mg. methyl No. buds sprouting per No. buds sprouting
Temp. | _. ester of | Total 6 t-ubers | Total per 6 tubers
naphthalene N
acetic acid b (()i. After | After | After | After | NO- | After | After | After
udas | 22 36 3 86 | ©YO8 | 46 63 90
days | days | days | days days | days | days
200 45 o o o 1 42 o o o
65 47 o o o 4 41 o o o
Room, 22 39 o [°) 1 14 38 o o 4
206°~- 7.5 44 <) ) 10 18 38 I 8 16
30° C. 2.5 47 o 9 24 33 52 ° 37 42
o 46 11 21 24 32 39 o 10 11
200 40 [} o o 2 44 o o o
65 47 o ) [°) 2 44 <) ) o
22° C 22 49 o 1 1 12 46 ) o 9
7-5 49 o 4 14 24 41 1 6 10
2.5 48 o 13 31 32 46 2 13 31
o 42 I5 23 23 23 42 2 9 16
200 48 o o o 6
65 39 o o o 10
22 e 49 o o o 16
10° C. 7.5 51 o o ) 38
2.5 49 ° ° 7 42
o 48 o o 1 43

plants at this temperature. Production of epinasty at room temperature
has been reported in a previous paper (10).

The papers impregnated with the methyl ester were removed from the
room temperature and 22° C. lots 57 days after the start of Exp. 1 A and
placed with Irish Cobbler tubers from South Carolina to form Exp. 1 B.
These tubers were slightly dormant at the start of the experiment, but the
control tubers broke dormancy and sprouted after 63 days. The results
show that sufficient of the methyl ester remained on the papers impreg-
nated originally with 22 mg. or more of the methyl ester to inhibit a second
lot of tubers. This experiment shows that the methyl ester vaporizes very
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slowly and is given off in small amounts over a long period. The papers
that originally held 2.5 mg. of the ester appear to have slightly increased
the sprouting of the second lot of tubers. A statistical examination of the
values for individual tubers of these lots shows that there is a significant
difference between the lots whose papers held originally 2.5 mg. of the ester
and the controls. This indication that low concentrations of the ester may
show a slight stimulating action should be investigated further.

In order to find how short a period of exposure to the vapor of the
methyl ester of naphthaleneacetic acid might be effective, 30 partially dor-
mant Irish Cobbler tubers from South Carolina were placed in a partly
closed container with five 18.5 cm. filter papers impregnated with a total of
400 mg. of the ester and placed at 24° C. A similar lot of tubers was used as
controls, using plain filter paper. Lots of six tubers were removed from
these containers at intervals and the sprouting recorded. The results are
given in Table V. It will be seen that exposure of even one day to the vapor

TABLE V

SPROUTING OF PoTATO TUBERS EXPOSED TO THE VAPOR OF THE METHYL ESTER OF
NAPHTHALENEACETIC ACID FOR VARIOUS PERIODS

) Total No. eyes sprouting
Treatment Time of No T T e e
exposure eves After After ‘ After
Y 46 days 56 days 83 days
1 day 45 ) <) 9
Methyl ester of 3 days 47 o o 7
naphthaleneacetic 7 days 52 o o | o
acid, vapor 14 days 39 o o } I
Continuous 41 o ) | <)
1 day 47 3 14 ’ 22
Control, paper and 3 days 46 9 18 | 20
container only 7 days 42 6 8¢ i 23
14 days 41 6 25 18
Continuous 42 o 12 ‘ 40

of the methyl ester of naphthaleneacetic acid produces considerable inhibi-
tion of the growth of the buds and marked inhibition was obtained with
exposures of seven days or more. These results suggest that if treatment
with the methyl ester of naphthaleneacetic acid should be coupled with
storage at reduced temperature, it might be best to expose the tubers to the
vapor of the methyl ester for a week at about 24° C. and then transfer them
to a lower temperature.

The buds of the tubers treated with the vapor of the methyl ester of
naphthaleneacetic acid can be made to grow again by treatment with the
vapor of ethylene chlorohydrin. In one such experiment, tubers, the
sprouting of which had been inhibited by treatment with the vapor of the
methyl ester, were divided into two lots and one was treated one month
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later with the vapor of ethylene chlorohydrin. The tubers were photo-
graphed after three more weeks as shown in Figure 2 A, B, C. It will be

FIGURE 2. Inhibiting effect of the vapor of the methyl ester of naphthaleneacetic acid
on the sprouting of potato tubers. A. Tubers treated with the vapor of the methyl ester of
naphthaleneacetic acid and later with ethylene chlorohydrin. B. Tubers treated only with
the methyl ester. C. Control tubers, untreated. D. Tubers treated with the vapor of the
methyl ester of naphthaleneacetic acid photographed after 108 days. E. Control tubers
photographed after 108 days.

seen that the tubers treated with ethylene chlorohydrin after treatment
with the methyl ester sprouted just as well as the control tubers that had
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no treatment, while only a few sprouts appeared on the tubers treated with
the methyl ester alone.

Exposure to the vapor of the methyl ester of naphthaleneacetic acid not
only inhibits the sprouting, but retards the withering of the tubers. This is
shown in Figure 2 D, E. It will be noted that the treated tubers are still
rather plump and sproutless after 108 days, while the control tubers have
many large sprouts and are almost withered away. This result has been ob-
served consistently in other experiments. »

In some miscellaneous experiments it was noted that treatment of six
tubers with 0.8 cc. of acetonitrile for 24 hours in a closed container retarded
sprouting about 30 days. Since this compound has been shown by Wiichter
(17) to produce epinasty of leaves and ethylene which also produces
epinasty of leaves as shown by Crocker, Zimmerman, and Hitchcock (3)
retards the growth of potato buds as first indicated by the experiments of
Elmer (6), it would appear that the capacity to retard bud growth is a
property frequently possessed by substances that produce epinasty. The
vapor of the ethyl ester of naphthaleneacetic acid also produces marked
inhibition of the growth of the buds of potato tubers and appears to be ap-
proximately as effective as the methyl ester.

INITIATION OF ROOTS AT THE CUT SURFACE OF POTATO
TUBERS BY TREATMENT WITH INDOLEACETIC ACID
AND NAPHTHALENEACETIC ACID

As reported previously (8) treatment of potato tubers by the basal soak
method with solutions of the potassium salt of indoleacetic acid induced
roots to grow on the cut surface of the pieces. This seemed to be of some
interest, since there appears to be no previous record of roots growing from
the cut surface of potato tubers, and it appeared that this was a case in
which rooting was induced at a place where it never occurred without treat-
ment. This, however, is not the case, since one case of cut surface rooting
was observed on an untreated piece out of some 500 untreated pieces care-
fully observed for long periods during the course of the following experi-
ments.

The method of treatment for the study of the rooting at the cut surface
was essentially the same basal soak described previously in this paper. Un-
less otherwise stated the temperature was 10° C. In order to avoid compli-
cations due to the sprouting of the buds, the pieces were cut without an eye
or bud and consequently they did not sprout. The pieces were approxi-
mately cubical and in some cases the pieces were cut from the center of the
tuber, avoiding the skin and cortex ring as much as possible.

Indoleacetic acid. The effect of the potassium salt of indoleacetic acid on
the rooting at the cut surface was studied in several experiments, the de-
tails of which are as follows:
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Exp. 1. Bliss Triumph tubers from Florida bought in the local market
were used.

Exps. 2, 3, 4. Green Mountain tubers were used.

Exp. 5. Green Mountain tubers were used. The pieces were small,
weighing only about 3 g.

Exp. 6. The same tubers were used as in Exp. 4 but pieces about
3X§X15 mm. were cut with skin at the end. They weighed about o.5 g.
and were treated by placing on filter papers wet with the solution in closed
Petri dishes for one and two days. Each lot consisted of 24 pieces instead of
the usual 12 pieces.

Some of the results are given in Table VI. Although observations of
the rooting of the pieces were made at frequent intervals, for the sake of

TABLE VI

EFFECT OF THE POTASSIUM SALT OF INDOLEACETIC ACID ON ROOTING AT THE CUT SURFACE
oF Potato TUBERS

Number of pieces rooting at cut surface
Conc. Exp. 1, 20 g. pieces treated 3 days Exp. 2, 10 g. picces treated 4 days
Mg, per With skin Without skin With skin Without skin
After After After After
23 days Total 23 days Total | 5 days Total | |, days Total
1000 4 8 o 3 7 12 o 3
500 4 5 ) 2
250 o 2 o 1
o (H;0) o o o o o o o o
Exp. 3, 10 g. pieces o
Treated 1 day Treated 3 days
With skin Without skin With skin Without skin
After After After CAfter | o
24 days Total |, 4 days Total |, 4 days Total | , 4 days Total
250 2 3 o 1 5 10 o 8
o (H,0) o ) ‘ o o o o < o

brevity only the number rooting shortly after rooting began and the total
number of pieces rooting are given. It will be noted in Table VI that the
pieces cut with skin, which contain more vascular tissue, rooted sooner
and more completely than pieces cut without skin from the center of the
tubers, which contain less vascular tissue. The best rooting appears to be
obtained with 1000 mg. per liter at 10° C. for a period of three or four
days. Since it was thought that a temperature of 10° C. might not always
be available to those desiring to induce rooting at the cut surface of potato
tubers, 27° C. was compared with 10° C. in Exp. 4, the results of which are
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shown in Table VII. Short intervals were used since experience had shown
that the pieces were injured by long treatments at high temperatures. The
pieces were with skin and weighed 10 g. The data show that good rooting
could be obtained when the treatments were made at 27° for two hours at
a concentration of 1000 mg. per liter. The treatment at 10° C. also pro-

TABLE VII

RooTING AT THE CUT SURFACE OF PoTATO TuBERsS INDUCED BY TREATMENT WITH THE
PoTAssiuM SALT OF INDOLEACETIC ACID AT DIFFERENT TEMPERATURES

Number of pieces rooting at cut surface
Conc., Treated 2 hours Treated 4 hours
mg. per e —
liter 10° C. 27° C. 10° C. 27° C,
After After V.‘N\l:ter . ‘;f:(:r
1t days Total | ; days Total | days Total | days Total
1000 2 9 5 11 5 12 5 10
o (H:0) o o o o o o o

duced good rooting when applied for two hours but somewhat better root-
ing when applied for four hours. Exp. 3, the results of which are not in-
cluded in the tables, showed that rooting could be obtained with 3 g. pieces
with skin treated with soo mg. per liter for four days at 10° C., and with
3 . pieces without skin at a concentration of 250 mg. per liter. Exp. 6, also
not reported in the tables, showed that rooting at the cut surface of pieces
as small as o.5 g. could be obtained at a concentration of 1000 mg. per liter
for two days at 10° C.

The rooting at the cut surface is further illustrated by Figure 3. The
12 rooting pieces on the left were treated six weeks previously for three
days with a solution of 1200 mg. of the potassiumsalt of indoleacetic acid
per liter. The 12 non-rooting pieces on the right were water controls. Figure
4 shows an example of cut surface rooting from a piece cut from the center
of a tuber without skin or buds. This is a piece from Exp. 3, treated three
days at 10° C. by the basal soak method with a solution of the potassium
salt of indoleacetic acid, 250 mg. per liter.

Since the pieces used in these rooting experiments had no buds, they
did not sprout, but eventually rotted away. Most of the pieces were in good
condition after 100 days. One or two pieces often remained after 200 days.
The pieces cut without skin rotted sooner than those with skin.

Naphthaleneacetic acid. Experiments similar to those with indoleacetic
acid were made with naphthaleneacetic acid, using the potassium salt. Old
Green Mountain tubers were used in Exps. 1, 2, and 3. The pieces weighed
20 g. Only the observations for pieces cut without skin are shown in Table
VIII. Pieces without skin were included in Exp. 1 but poorer rooting was
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FiGure 3. Induction of roots on the cut surface of potato tubers. Pieces on the left
were treated with a solution of the potassium salt of indoleacetic acid, 1200 mg. per liter for
3 days at 10° C.; pieces on the right were water controls.

FIGURE 4. Rooting at the cut surface of a piece cut from the center of a tuber, without
skin or buds. This piece was treated for 3 days at 10° C. with a solution of 250 mg. of the
potassium salt of indoleacetic acid per liter.
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obtained. Higher concentrations than those given in Table VIII were tried
in preliminary experiments, but tended to produce injury. The results
show that the potassium salt of naphthaleneacetic acid induces rooting
at the cut surface of potato tubers at less than one-tenth the concentration

TABLE VIII

EFFECT OF THE PPOTAsSIUM SALT OF NAPHTHALENEACETIC AcID ON RoOOTING AT THE CuTt
SURFACE OF PotaTo TUBERS

Number of pieces roolmg at cut surl'.\cc
Conc., Exp. 1
mg. per | -- —— - - -
iter Treated 1 day ! Treated 2days | Treated 3 days | Treated 6 days
After] Afte f After| After| | After’ After] | After| After]
45 | Total | 45 | 6o ! Total ; 44 | 50 | Total | 44 | 50 Toral
days ddys days |days | idays i days idays | days |
e [ ' G,
i | | !
IOO o | 1 8 o 2 |8 1 ‘ 3 1l o l 1 4
I 6 12 o s 11 2 4 | o 3 3 8
) (HzO) ) o [) ) ) 1 ) o o | o o . o 1
l:xp 2
Tre dt(‘d Treated Treated Treated Tr( .lted
2 hours 4 hours 16 hours 24 hours 48 hours
After | After ‘ After | After After
50 ‘ Total | 56 | Total | s6 | Total | 56 | Total.| 56 | Total
days | days ‘ days days | days
Bl | .
200 | o 2 4 8 [} ‘ 7 3 | 5 3 10
o (H)0)! o o o | o | o )
L R . e ~ R Y e -
! Exp. 3
i Treated 1 day Treated 2 days | Trcdt(d 3 days
| After | After | After | After After | After |
f 41 days| 55 days‘ Total 41 days| 55days Total 41 daysl 55 days ! Total
8o I 4] 0 2 7 8 o o ’ 3
40 3 7 9 2 9 1 3 4 5
20 2 5 9 4 [§ 10 3 5 8
10 I 5 5 4 0 l 8 2 0 8
5 t 2 3 3 s | 6 3 6 9
o (HO)| o o o o o | o o o o

required for the potassium salt of indoleacetic acid. It appears to work best
at 10 to 40 mg. per liter for one to three days. Shorter treatments with 200
mg. per liter also produced good rooting. However, it will be noted that the
rooting started much more slowly than with indoleacetic acid. Tables VI
and VII show that rooting with the indole compound began in 11 to 24
days, while Table VIII shows that rooting with the naphthalene compound
began about 40 days after treatment. The more rapid appearance of roots
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with indoleacetic acid makes this more satisfactory for demonstration of
rooting at the cut surface of potato tubers.

RELATION OF ROOTING AT THE CUT SURFACE TO THE STAGE
OF THE REST PERIOD OR DORMANCY OF THE TUBERS

In some experiments to be described later in this paper, freshly-
harvested or dormant potato tubers were treated with the potassium salt of
indoleacetic acid. It was observed that the rooting at the cut surface was
much less frequent than with old or non-dormant tubers used in other ex-
periments. Therefore, the effect of the potassium salt of indoleacetic acid
on the rooting of potato tubers in different stages of the rest period was in-
vestigated. The results are shown in Table IX. In Exps. 1 and 2 the tubers

TABLE IX

INFLUENCE OF TIME AFTER HARVEST ON THE ROOTING AT THE CUT SURFACE OF IRISH
CoBBLER PoTATO TUBERS FOLLOWING TREATMENT WITH THE POTASSIUM SALT OF
INDOLEACETIC AcID

No. rooting at cut surface
Exp. Source of Time since | ~— - ~—— —— = —— -
No. tubers harvest After After After After After
14 days | 28 days | 6o days | 86 days | 182 days
New Jerscy o.5 months | o,0 o, I o, 1| o2 8,7
1 South Carolina 7.0 months | 6,5 12,12 12,12
Institute gardens | 3.5 months | 1,0 12, 11 12,11
2 New Jersey 1.3 months | o,0 2, o 6, 1| 9,6
South Carolina 8.0 months | o, 2 12,12 12,12
3 New Jersey 2.0 months | o 3 12

from New Jersey, harvested only o.5 to 1.3 months before treatment,
rooted much more slowly and less completely than tubers of the same
variety that had been in storage from 3.5 to 8 months. The same lot of
tubers from New Jersey also rooted more readily and completely as the
period of storage increased as shown in Exps. 1, 2, and 3.

The above results, which show clearly that non-dormant tubers root
much more readily than dormant tubers when treated with the potassium
salt of indoleacetic acid, suggested that a preliminary treatment of dor-
mant potato tubers with ethylene chlorohydrin might make them root more
readily. Experiments reported in Table X show this to be the case. Fresh-
ly-harvested Irish Cobbler potato tubers were used in all four experiments.
The ethylene chlorohydrin vapor treatments were made by the method of
Denny (4), 3 cc. of 40 per cent ethylene chlorohydrin per kg. for 24 hours
being used, with the exception of the second treatment in Exp. 4 where 1.5
cc. were used. In all cases one-eye pieces were planted to show that the
treatment had broken the dormancy. The ethylene chlorohydrin-treated
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lots showed 50 per cent sprouting in 17 to 23 days, while the untreated lots
required 40 to 59 days. At stated intervals after the ethylene chlorohydrin
treatment approximately 20 g. pieces with skin, but no eye, were cut from
the tubers and both treated and control lots were treated in duplicate
groups of 12 pieces with indoleacetic acid, 500 mg. per liter, neutralized

TABLE X

EFFECT OF BREAKING THE DORMANCY WITH A PRELIMINARY ETHYLENE CHLOROHYDRIN
TREATMENT ON THE ROOTING AT THE CUT SURFACE OF PoTATO TUBERS FOLLOWING A
SUBSEQUENT TREATMENT WITH NEUTRALIZED INDOLEACETIC ACID

Treated Number rooting at cut surface
Exp. Preliminary with Na . . . . L
No. treatment indoleacctate Af;a_r Af;” Af;( r AEE’U Aft::r
after wecks | weeks | weeks | weeks | weeks
1 | Ethylene chlorohydrin 7 days 6,5 12,12 | 12,12 | 12,12 | 12,12
Control 7 days 1,2 5, 7| o911 | 10,12 | 11,12
Ethylenc chlorohydrin s days 0,0 2, 3| 6, 6| 11,12 | 11,12
Control 5 days 0,0 1, o| 3, o] 10, 6 | 12,12
2 —
Ethylene chlorohydrin g days 3, 5| 6 8] 1o,11 | 11,12
Control days o, 0 2, o| 5 § {1212
9 day:
Ethylene chlorohydrin 2days 4,3 8 6| 9, 9| 10,11 | 11,12
Control 2days 00 | 3 2| 3 3| 3 3| 3 4
3 | Ethylene chlorohydrin 6 days 0,0 5 §| 610]| 7,10 | 911
Control 6days 1,0 1 3 3 4| 3 S 5 7
Ethylene chlorohydrin 10 days 0,0 2, 3|10, 9| 11, 9 | 12,11
Control 10 days 0,0 2, 1| 5 2| 5 3| 6 8
Ethylene chlorohydrin 4 days 0,0 5 3| 9 5|10 01| 1210
Ethylene chlorohydrin 4 days 0,0 8 5| o9 6] 12 8| 1211
Control 4days - 0,0 1, 3 3 3 4, 4 5 5
4 —
Ethylene chlorohydrin 8 days 0,0 o 1| 2 4| 4 4| o 8
Ethylene chlorohydrin 8 days 0,0 o 1| 4 5| 5 8| 6, 8
Control 8 days 00 | 1, 2| 3 5| 4 0 97

with sodium hydroxide. The potassium salt was no longer available. The
basal soak method for three days at 10° C. was used. The results show that
with the exception of the eight-day part of Exp. 4, breaking the dormancy
with ethylene chlorohydrin markedly increased the rooting at the cut sur-

face induced by the subsequent treatment with neutralized indoleacetic
acid.

EFFECT OF INDOLEACETIC ACID ON THE SPROUTING OF
DORMANT OR FRESHLY-HARVESTED POTATO TUBERS

Although the experiments presented in the first part of this paper
showed that indoleacetic acid retarded the sprouting of non-dormant pota-
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to tubers, the possibility remained that it might act differently with dor-
mant potato tubers and perhaps show a dormancy-breaking action. It soon
became evident that the dormancy of potato tubers could not be broken
with indoleacetic acid, but because of the difficulty of establishing a nega-
tive result conclusively, the experiments were continued to include many
lots of tubers and a wide range of concentrations and times of treatment.
In all cases the treatments were with the basal soak method at 10° C. which
has been previously described. The pieces weighed about 20 g. and had one
eye. For comparison and in order to show that the dormancy of each lot of
tubers could be broken, the pieces were also treated with the dormancy-
breaking chemical, ethylene chlorohydrin, 30 cc. per liter for 24 hours at
27° C. by the dip method of Denny (4). Following the treatments the
pieces were planted 12 to a flat, usually in duplicate. A record of the num-
ber of pieces showing a sprout above ground was taken at intervals of three
to seven days until all the pieces had either sprouted or rotted. From these
data the average time to come above ground was found. Those cases in
which more than two pieces out of 12 rotted are marked with an asterisk in
Table XI.

Some of the details of these experiments are as follows:

Exps. 1 and 4. Irish Cobbler tubers from Hudson, New York.

Exp. 2. Bliss Triumph tubers from the Institute gardens.

Exp. 3. Irish Cobbler tubers from the Institute gardens.

Exp. 5. Small tubers of the Irish Cobbler variety from the Institute

gardens.
Exp. 6. Irish Cobbler tubers from Rhinebeck, New York.
Exp. 7. Irish Cobbler tubers from Massachusetts.
Exp. 8. Russet Rural tubers from Pennsylvania.

Exp. 9. Irish Cobbler tubers from New Jersey.

Exp. 10. The same lot of tubers as in Exp. 9 was used two weeks later,
The free acid was used instead of the potassium salt.

Exp. 11. An experiment similar to Exp. g, but neutralized indole-
butyric acid was used. The results were like those in Exp. g and are not giv-
en in the table.

The results given in Table XI showed that the only large effect of the
treatments with the potassium salt of indoleacetic acid was to lengthen the
time required to sprout when applied at the 200 and 800 mg. per liter con-
centration for 24 or 72 hours. This result showed definitely that the sub-
stance reached the buds and therefore also reached the buds in the lower
concentrations, even though it had no marked effect on sprouting. The lack
of marked stimulative action at the lower concentration, therefore, cannot
be explained on the basis of lack of penetration. In a careful examination of
the data for any slight stimulative action at the lower concentrations, the
last column in Table XI was prepared by dividing the average sprouting
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TABLE XI

EFFECT OF THE POTASSIUM SALT OF INDOLEACETIC ACID ON THE SPROUTING OF FRESHLY-
HARVESTED PoTaTO TUBERS AS COMPARED WITH THE EFFECT OF ETHYLENE CHLOROHYDRIN

Treatment Average time to come above ground in days Rati
- - atio
K indoleace- | to
Hrs.| tate mg., |Exp.1; Exp.2 | Exp.3 | Exp. 4 |Exp.8 Exp.6 control
per liter
800.0 02 34, 31| 83, 80 | 03, 56 1.15
200.0 58 29, 26 | 75, 65 | 59, sI | 49, 56| 28, 23 1.01
50.0 51 22, 23 | 9o, 88 60, 60 | 54, 56| 26, 34 1.04
4 25.0 48 26, 25 0.82
12.5 48 25, 28| 95, 79 | 57, 08*| 47, 45| 30, 34 1.03
3.13 20, 24 | 85, 9o | 58, 74| 40, 55| 33, 25 1.05
0.78 56, 46 1.17
0.20 44, 36 0.92
0.0§ 46, 49 1.09
o.00 (H:0)| s4 23, 21 | 72, 95 | 62, 55 | 42,45 39, 29 1.00
Exp.1| Exp.s5 | Exp.6 | Exp. 7 |Exp. 8 Exp.9 Ex[1)_.
10
800.0 85 128, 100 1.48
200.0 64 94, 94 40, 42 | 84, 88| 71,069 84,79 1.31I
100.0 54 27, 31 0.90
50.0 04 6s, 52 | 31, 27 | 35, 30 | 70, 71| 65, 60| 47,54/ 1.00
25.0 58 39, 46 28, 29 1.03
24 | 12.5 48 67, 66 | 34, 28 | 27, 23 | 58,57 67,04| 52,44 ©0.89
3.13 90, 73 | 27, 31 56, 53| 07, 65/ 50, 58 ©0.96
0.78 75 63 | 31, 29 52, 50| 72,06 51,51 ©.92
0.20 74, 83| 28, 39 42, 55 0.96
0.05 67, 76 52, 61 1.03
0.013 63, 77 0.88
o.00 (H0){ 55 69, 87 | 34, 41 | 21, 40 | 44,47| 78, 76| 53,53 1.00
.00 (H:0) 89, 76 31 53
Exp. 1| Exp.2 | Exp. 3| Exp. 4 Exp. 9| Exp.
10t
800.0 115 |114,* 172%127, 120 |139,* 127* 2.99
200.0 84 56, 51 |108, 97 | 75, 67 83, 78| v9, 83| 1.56
50.0 63 27, 29 | 80, 860 | 61, 54 §7, 71} 50, 55| 1.07
72 12.§ 54 26, 22| 79, 76 | 55, 02 05, 71| 43, 53| ©.99
3.13 25, 24 | 68, 85 56, 350 62, 60| 50, 48| 0.93
0.78 62, 70| 47,47 ©.94
o.00 (H:0)| 45 25, 24 | 83, 81 70, 61 69, 72| 46, 54| 1.00
Exp. | Exp.2 | Exp.3 | Exp.s5 [Exp. 6[Exp. 8 Exp. ¢
1 and 4
Fthylene chlorohy-
drin di 28 25, 22 | 17, 23 16, 16 | 13, 13| 26, 22| 19,20/ 0.41
Control (‘l)'hO) 69 27, 31| 77, 74| 66, 79 | 36, 26| 53, 68| 65,55 1.00

* More than two pieces rotted without sprouting.
t The free acid was used instead of the potassium salt.

time for each treatment by the average sprouting time for the correspond-
ing control and averaging these ratios. The results indicate a very slight
stimulative action at 25 mg. for 4 hours, 12.5 mg. for 24 hours, and 3.13
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mg. for 72 hours. Making use of the duplicate values, the standard devia-
tion of a single determination amounts to six days. Using this value the
odds that there is a significant stimulation at the above low concentrations
are 3:1, 9:1, and 5:1 respectively, allowing for the fact that a number of
treatments are compared with one control and the best selected as sug-
gested by Tippett (15, p. 53). Such a small stimulation at a low concentra-
tion would be in agreement with a hypothetical curve for the action of
auxin on bud growth advanced by Thimann (13). However, even if a stim-
ulation at low concentration is conceded its magnitude is small and
amounts to six days at the most. It has been observed in other experiments
that many substances when applied at just the right concentration will
hasten very slightly the sprouting of dormant potato tubers. The dorman-
cy-breaking chemical, ethylene chlorohydrin, however, produced a marked
stimulation and reduced the sprouting time 36 days. These results show
that if indoleacetic acid is assumed to be equivalent to natural auxin, an
assumption frequently made, these experiments offer little support for the
idea that an increase of auxin-like substances in the tissue is the explana-
tion for the breaking of dormancy of potato tubers.

EFFECT OF BREAKING THE DORMANCY OF POTATO TUBERS
ON THE AUXIN CONTENT OF THE TISSUE

An obvious line of approach to the question of whether ethylene chloro-
hydrin breaks the dormancy of potato tubers by changing the auxin con-
tent of the tissue is to determine the auxin content of the tubers treated
with ethylene chlorohydrin. A very satisfactory method for determining
the auxin content of tissue extracts has been developed by Went (18) mak-
ing use of the oat coleoptile. However, present methods for extracting aux-
in quantitatively from tissues are not very reliable, since too much effort
has been expended_on improving the final step of measurement of auxin
and too little on finding how to extract it quantitatively from the tissue.
The two methods of extraction that come nearest to being satisfactory ap
pear to be the method of du Buy (5), making use of solid carbon dioxide
and that of van Overbeek (16) in which pieces of surviving tissue are ex-
tracted with peroxide-free ether.

The most serious difficulty with the method of du Buy proved to be
the frequent appearance of traces of chlorine in the commercial *'Dry Ice”
available locally. This is not a fault of the method, but does make it hard
to use. Tank carbon dioxide frequently contains oil which interferes with
the results. For these reasons it was necessary to discard a number of ex-
periments in which no auxin was obtained from either the treated or un-
treated tissue. It was also necessary to modify the du Buy technic in order
to obtain active extracts from the potato tissue.

Pieces were cut from beneath 24 eyes so that the total weight was 40 g.
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The blocks of tissue were approximately cubical and the skin was sliced
off in a thin layer, including any small sprout that might be present. This
tissue was cut into thin slices and each slice dropped at once into a mortar
containing enough solid carbon dioxide to quickly freeze the tissue and leave
some excess. The frozen tissue was ground fine and 100 cc. of peroxide-free
ether were added. The tissue was ground with the ether until thawing
started. Solid carbon dioxide was added until the tissue pulp froze. The
ether was decanted through a filter paper in a Biichner funnel. The frozen
tissue was added back to the mortar, ground again with 100 cc. of ether,
and this process repeated once more, using 300 cc. of ether in all, some of
which evaporated. Any water was frozen out of the combined filtrates by
adding solid carbon dioxide and the ether decanted into a 250 cc. flask and
made to volume, A 125 cc. aliquot was evaporated for the oat coleoptile
test.

In the van Overbeek procedure the tissue was cut in the same way as
above, but only six pieces weighing 10 g. were usually used. These were
sliced and dropped into 250 cc. of ether that had been treated with ferrous
sulphate and calcium oxide and distilled to remove peroxides. The van
Overbeek procedure was then followed. Aliquots representing 2.5 g. of
tissue were evaporated for the oat coleoptile test.

The ether extract from either method was evaporated slowly on the
steam bath to small volume, transferred to a small vial containing a small
stirring rod, the total weight of which was known, and evaporated to
about 0.2 cc. About o.3 cc. of 3 per cent agar was added and the vial heated
to evaporate the ether. The agar was well mixed with the stirring rod and
cooled. Water was added to o.3 g. and the agar melted, mixed, and poured
into a brass mold. The agar blocks were cut 2.7X2.7X 1.5 mm. and ap-
plied to oat coleoptiles, following the Went technic. For comparison, agar
blocks containing o.025 mg. of indoleacetic acid per liter gave a curvature
of six degrees. The ethylene chlorohydrin treatments were by either the
vapor or dip method of Denny (4) for 24 hours and one-eye pieces were
planted until required for analysis.

The results are shown in Table XII. Each value in Table XII represents
the average of five or more coleoptiles. It will be noted that treatment
with ethylene chlorohydrin resulted in a large increase in auxin extracted
by the modified du Buy technic. However, it appears that this may be due
to the formation of auxin by the sprouting process, since in those cases
where an increase in auxin was noted, the first evidence of sprouting was
noticeable at the eyes of the treated pieces. In the determination made
after three days, however, there were no signs of sprouting and also no
increase in auxin. Bennett and Skoog (2) have noted an increase in auxin
associated with the breaking of dormancy of the buds of fruit trees by low
temperature treatment.
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With the van Overbeek procedure the results were entirely different,
no increase in auxin was observed and the amount of auxin extracted was
much greater, since 2.5 g. of tissue yielded about as much auxin as 20 g.
by the du Buy procedure in the treated samples and much more in the
control samples. However, the higher values obtained by the van Overbeek
procedure do not necessarily show that it is more nearly correct than the
modified du Buy procedure, since it is essentially an ether extraction of
surviving tissue, inasmuch as the sliced tissue is dropped into ether and
may continue to produce auxin for some time. There is some evidence in
favor of this, since if a neutralized solution of potassium cyanide is added

TABLE XII

EFFECT OF TREATMENT OF DORMANT PoTaTO TUBERS WITH ETHYLENE CHLOROHYDRIN ON
THE AUXIN EXTRACTED FROM THE TIssUE BY DIFFERENT PROCEDURES

Average degrees bending of
Method of Days after oat colcoptiles
extraction treatment e — -
Treated ~ Control
5 1§ 2
5 10 2
du Buy, modified 20 g. tissue 5 9 4
4 10 1
3 k
7 18 1
7 10 14
7 12 14
van Overbeek 2.5 g. tissue 4 0 7
7 ‘10 12
. 4 12 12
7 8 12

to the ether, much less auxin is extracted. Also, if the ether is cooled to
—75° C. in a solid carbon dioxide-acetone bath before dropping in the
tissue, somewhat lower results are obtained. Low results were also ob-
tained when 1 cc. of 1 N HCI was added to the flask containing the ether
and tissue,

Regardless of what effect ethylene chlorohydrin has on the auxin
content of the tissue, the above results indicate that the auxin content of
potato tubers is low. This is also in agreement with the lack of cut surface
rooting of potato tissue unless it is treatéd with a root-inducing substance.
The low content of auxin is evidence that the dormancy of freshly-
harvested potato tubers is not due to the inhibiting effect of auxin on
bud growth. However, this does not exclude the possibility that dormancy
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might be due to an inhibiting substance which has no action on oat coleop-
tiles. It is interesting to point out that naphthaleneacetic acid has a very
feeble action on oat coleoptiles as shown by Avery, Burkholder, and
Creighton (1) so that the existence of substances inhibiting bud growth in
low concentrations, but which would be missed by the oat coleoptile
technic, is a possibility. Miller (11) has noted that treatment with solu-
tions of thioacetamide inhibits the sprouting of potato tubers.

SUMMARY

1. The sprouting of the buds of non-dormant potato tubers was in-
hibited by treatment of cut pieces with solutions of 250 mg. or more of the
potassium salt of 3-indoleacetic acid for two or more days at 10° C.

2. a-Naphthaleneacetic acid inhibited the sprouting of cut pieces of
potato tubers when applied in concentrations of 20 mg. or more of the
potassium salt for one or more days. It was, therefore, more than ten times
as effective as indoleacetic acid in inhibiting the growth of the buds of
potato tubers.

3. Pieces of potato tubers, the sprouting of which had been inhibited
by treatment with the potassium salt of naphthaleneacetic acid, could
be made to sprout promptly by treatment with the dormancy-breaking
chemical, ethylene chlorohydrin. However, the dormancy-breaking chemi-
cal, potassium thiocyanate, had little effect on the sprouting of such pieces.

4. The sprouting of the buds of whole potato tubers was inhibited by
exposure to the vapor of the methyl or ethyl ester of naphthaleneacetic
acid. This could be accomplished by storing the tubers in a container with
filter papers impregnated with the ester. At temperatures of 22° and above,
2.5 mg. of the methyl ester of naphthaleneacetic acid per six tubers pro-
duced considerable inhibition of sprouting and 22 mg. or more produced
marked inhibition. At 10° C. inhibition was evident with 22 mg. or more.
The volatility of the methyl ester at 10° C. could be demonstrated by the
production of epinasty of the leaves of tomato plants. The papers im-
pregnated with the methyl ester could be used to inhibit the sprouting
of a second lot of tubers. An exposure of 30 tubers for one day at 24° C.
to 400 mg. of the methyl ester produced considerable inhibition of sprout-
ing and exposure of seven days produced marked inhibition.

5. The buds of whole tubers, the sprouting of which had been in-
hibited with the vapor of the methyl ester of naphthaleneacetic acid, could
be induced to sprout promptly by treatment with the vapor of ethylene
chlorohydrin.

6. Exposure to the vapor of the methyl ester of naphthaleneacetic
acid also retarded the withering of whole tubers.

7. Treatment with the vapor of acetonitrile produced considerable in-
hibition of the sprouting of whole tubers.
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8. Treatment of cut pieces of potato tubers with the potassium salt of
indoleacetic acid induced roots to grow at the cut surface of the tubers in
from 11 to 24 days after treatment with 250 to 1000 mg. of the potassium
salt per liter for periods of two hours to three days at 10° C. Roots could
be induced to grow on pieces cut from the center of the tubers without skin
or eyes.

9. Naphthaleneacetic acid induced roots to grow at the cut surface
of potato tubers but less promptly than indoleacetic acid. However, it was
active in much lower concentrations, producing rooting in about 4o days
when applied in concentrations of 10 to 40 mg. of the potassium salt per
liter for one to three days at 10° C.

10. Indoleacetic acid induced rooting sooner and more completely in
old or non-dormant potato tubers than in freshly-harvested or dormant
tubers.

11. Breaking the dormancy of freshly-harvested potato tubers with
ethylene chlorohydrin caused them to root more readily when treated
with indoleacetic acid.

12. Treatment of freshly-harvested potato tubers with ethylene chloro-
hydrin increased the amount of auxin extracted from the tissue by a
modified du Buy procedure, but had no effect on the amount extracted by
the van Overbeek method.

13. Indoleacetic acid did not break the dormancy of freshly-harvested
potato tubers but inhibited sprouting when used in high concentrations.
However, there was indication of a very slight stimulative action in the
low concentrations. This was not more than six days while ethylene chloro-
hydrin reduced the average sprouting time 36 days.

14. Considered as a whole, the results of these experiments offer little
support for the idea that the dormancy of potato tubers is regulated by
increase or decréase of the amount of auxin-like substances in the tissue.
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METHYLATION OF COTTON FIBER WITH ETHEREAL
DIAZOMETHANE!

RicHARD E. REEVES AND H. JEANNE THOMPSON

As a part of studies on the structure of cellulosic fibers we are investi-
gating the reasons why only a small proportion of the hydroxyl groups of
cotton fibers is available for methylation with ethereal diazomethane. In
the present report are described the preparation and properties of certain
partly methylated fibers and also one of the factors which limit the re-
action. Although several investigators have previously reported on the
action of diazomethane on cotton fibers there appears to be no reference
to the treatment of mercerized fibers with this reagent. The findings of
previous workers are summarized in Table I.

TABLE 1
LITERATURE REFERENCES TO METHYLATION OF COTTON F1BER WITH IDIAZOMETHANE

. Solvent for "
Material used diazomethane % methoxyl Reference
Cotton fiber Ether 1.5 4.2 Geake & Nicrenstein (7, foot-
| note 3), Nierenstein (10)

Absorbent cotton Anhydrous No appreciable | Schmid (11)

dried in vacuum ether reaction
Defatted cotton fiber | Ether 4.20 Fuchs & Horn (5)
Cotton and regen- | Methanol 0.70.8 Licser (8)

crated cellulose

In the present investigation native cotton treated with ethereal
diazomethane has given products containing considerably more methoxyl
than has been reported by earlier workers, while mercerized cotton has
been found to react more rapidly and to a greater extent than native
fibers. Starting with raw cotton repeated treatment with diazomethane
has given a product containing 9.8 per cent methoxyl, while mercerized
cotton has taken up as much as 17.7 per cent (Table II). Completely
methylated cellulose contains 45.6 per cent methoxyl.

As noted by Schmid (11) for starch and Brauns and Brown (2) for
wood pulp, the methylation is dependent upon the presence of moisture.
Thoroughly dried fibers do not react to an appreciable extent, which prob-
ably accounts for Schmid’s failure to observe the methylation. No large

1 Cellulose Department, Chemical Foundation, Boyce Thompson Institute for Plant
Research, Inc., Yonkers, New York.

(55)
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differences were observed in the methylation of mature cellulosic fibers
from four different strains of cotton, spruce wood pulp, or flax. In contrast
with the findings of Nierenstein (10), methylation in the presence of finely
divided copper did not improve the reaction.

TABLE II

REPEATED METHYLATION OF AIR-DRIED COTTON FIRER
(0.5-0.9 M ETHEREAL DIAZOMETHANE)

No. of treatments
Material used i i T iy et =

G T I N N N N I
Raw cotton, % OCH; 5.5 | 8.4 9.1 8.9 5| — 0.8 | — —_
Merc. cotton, % OCH;| 11.7 | 13.6 | 14.5 | 15.1 | 15.8 | 17.3 | 17.8 | — 17.7

All of the diazomethane methylation products retain their original fiber
form. They do not disperse to an appreciable extent in sodium hydroxide
solution, but disperse readily in cuprammonium hydroxide solution, show-
ing viscosities approaching that of the unmethylated fibers from which
they are derived. The optical rotations of the dispersions decrease with
increasing methoxyl content. The partially methylated fibers show great
resistance toward the action of cellulose decomposing bacteria. They give
an X-ray diffraction pattern which differs from the diffraction pattern of a
preparation containing approximately the same amount of methoxyl in-
troduced by another method (Fig. 1).

FIGURE 1. A. X-ray diffraction pattern of methyl cellulose containing 18.2 per cent
methoxyl introduced by the action of dimethyl sulphate on cotton linters dispersed in di-
methyldibenzylammonium hydroxide. B. X-ray diffraction pattern of mercerized cotton
containing 17.7 per cent methoxyl introduced by means of cthereal diazomethanc.
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EXPERIMENTAL PART

Unless otherwise noted, all experiments were made with mature fibers
of Gossypium hirsutum L., Super Seven variety, Strain 4.

Diazomethane was prepared from nitrosomethylurea according to the
directions in Organic Syntheses (4). The solutions were usually o.5—o0.9
molar with respect to diazomethane, which was determined by its reaction
with benzoic acid (6, p. 162).

The methylations were carried out by allowing the cellulosic material
to stand in the refrigerator at o° to 5° C. for one week with a large excess
of ethereal diazomethane in a flask bearing a capillary outlet tube for
escape of gases. The concentration of diazomethane fell gradually to
about o0.2-0.4 M during the course of a week. For the most highly methy-
lated samples, several treatments were necessary. At the end of the final
treatment, the fiber was washed with ether containing acetic acid, then
with alcohol and water. All analytical values are calculated on the basis
of anhydrous fiber. Micro methoxyl analyses were done according to the
method of Niederl and Nieder! (g, p. 191~192).

Influence of moisture content of the fiber on the methylation. When cotton
which had been thoroughly dried was treated with diazomethane, it was
found that only a very slight reaction took place with the anhydrous fiber,
either native or mercerized. The results of experiments on fiber containing
different amounts of moisture, as shown in Table I1l, indicate that the
moisture content has a marked influence upon the course of the methyla-

tion.
TABLE IIT

INFLUENCE OF FIBER MOISTURE CONTENT ON THE METHYLATION (0.2 G. FIBER IN 20 CC. OF
0.5 M ETHEREAL DIAZOMETHANE)

Raw native fiber Mercerized fiber
Pret:_'cglt)mcnt % moisture | % methoxyl | % moisture | % methoxyl
o er before after one before after one
methylation | treatment methylation treatment
Dried in vac. at 100° C. over
P,Os 0.00 0.25 0.00 0.48
Dried at room temperature
over CaCl, 2.0 4.0 5.7 9.0
Air-dried 4.18 4.4 7.0 11.§
5 days in moist chamber 6.1 5.3 9.1 12.6

Reaction with cellulosic fibers from different sources. In order to investi-
gate possible differences which might be exhibited by different strains of
cotton, the following varieties in addition to Super Seven have been ex-
amined : Gossypium barbadense L., variety Pima, a long fiber, sea island
cotton; Gossypium hirsutum L., variety Acala, a short fiber, upland variety;
and Gossypium hirsutum L., variety Cleveland. All of these varieties are
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grown commercially in the United States. In addition, tests were made on
linen thread, spruce wood pulp,? and on immature fibers of Super Seven
cotton from 25-day-old bolls. The results given in Table IV show remark-

TABLE 1V

METHYLATION OF VARIOUS CELLULOSIC FIBERS
(0.2 G. AIR-DRIED FIBER IN 15 CC. OF 0.534 M ETHEREAL DIAZOMETHANE)

. Native fiber, Mercerized fiber,
Fiber used % methoxyl % methoxyl

Linen thread
Spruce wood pulp

II.
12.

Super Seven (mature) 5.5 12.2
Super Seven (from 25-day-old bolls) 7.5 12.1
Cleveland 5.4 12.2
Pima 5.5 11.4
Acala 5.7 12.0

4.6 9

7.0 8

ably little variation in methoxyl content among the mercerized fibers,
while of the native fibers the immature Super Seven seems to have reacted
to a greater extent than any other native fiber yet examined. However,
the higher moisture content in the immature fiber (6.0 per cent compared
with 5.0—5.3 per cent for the mature fibers) may account for this difference.
Viscose rayon reacts to about the same extent as mercerized fiber.

The viscosity and optical rotation of partially methylated mercerized collon
fiber dispersed in cuprammonium hydroxide. Viscosities were determined
at 25° C. in viscometers of the type recommended by Clibbens and
Geake (3), slightly modified by the addition of ground glass stoppers in
place of the rubber stoppers previously specified. The cuprammonium
solution contained 15 g. of copper, 240 g. of ammonia, and 1 g. of sucrose
per liter. Optical rotations were observed at 30° C. with the 0.4358 u
mercury blue line using an o.5 dm. tube. The fiber concentration was o.5
per cent in all cases. The observations are given in Table V.

TABLE V

ViscosiTy AND OPTICAL ROTATION OF PARTIALLY METHYLATED MERCERIZED COTTON
FiBER DisPERSED IN CuPRAMMONIUM HYRDOXIDE

% methoxyl content of mercerized fiber Ne.p. a

o 47.4 —3.00°
2.3 36.4 —2.65
6.5 29.8 —2.11
13.6 28.6, —1.79

2 Methylation of wood or cellulosic material derived from wood with ethereal diazo-
methane has been reported by Fuchs and Horn (5), Brauns (1), and Brauns and Brown (2).
Fuchs and Horn also refer to such work in the dissertation of Ungar (12).
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SUMMARY

Repeated methylation of mercerized cotton fibers with ethereal diazo-
methane has been found to yield products containing as much as 17.7 per
cent methoxyl. Native cotton fibers were found to take up ¢.8 per cent
methoxyl, considerably more than has been introduced previously by this
method.

Some of the properties of the methylated fiber have been described.

The moisture content of cotton fibers has a direct influence upon their
reaction with diazomethane.
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CELLULOSE MEMBRANES FROM VARIOUS PARTS
OF THE PLANT KINGDOM!

FLORENCE L. BARROWS

The presence of cellulose in plants has been recognized for many years.
Farr (10) has called attention to microchemical tests made in 1842 by
Payen (28), who established the presence of cellulose in cell membranes;
and to Valentin's (39) observations on the formation of cell walls from
small particles.

The cell membrane in young living fibers of cotton, Gossypium hir-
sutum L., is built up of “visible anisotropic crystalline particles of uniform
size in linear arrangement’’ (12, p. 200). These cellulose particles are el-
lipsoids about 1.5 u long and have refractive indices of 1.565 lengthwise and
1.530 crosswise. They are held together by a colloidal cementing material
which contains some pectic acid (22). Mature cell membranes of cotton
fibers are broken down by treatment with hydrochloric acid yielding
separated cellulose particles (13). These particles give a typical X-ray
pattern for cellulose (11).

More recent contributions (15) in this field have confirmed and ex-
tended the conception? that the cellulose particles form a crystalline dis-
continuous phase and the amorphous cementing material the continuous
phase of the cellulose plant membrane. The cellulose particles are doubly
refractive in polarized light. When treated with iodine and sulphuric acid
the particles swell and turn blue. This reaction is the microchemical test
for cellulose. Unlike sulphuric acid, phosphoric acid does not destroy the
colloidal cementing material, which remains as a gelatinous coating over
the surface of the cellulose particles (8, g, p. 995, Plate II, Fig. 4).

METHODS

Microscopic identification of the cellulose particles was made by their
size, shape, and behavior in the process of membrane formation as observed
in ordinary light, as well as by their double refraction in polarized light.
The lenses employed were 20 X and 25 X oculars and apochromatic ob-
jectives 4 mm., N.A. 0.95, 46 X and 8 mm., N.A. 0.65, 23 X. Magnifica-
tions of about goo were used for most of the studies. In polarized light, a
45 X objective, N.A. 0.65, was used most frequently. Photographic records
were made with a simple type of camera and some of these photographs
were later enlarged two or two and a half times.

Thin clear glass slides and No. o cover glasses of the best quality are

1 Cellulose Department, Chemical Foundation, Boyce Thompson Institute for Plant
Research, Inc., Yonkers, New York.
2 Manuscripts in preparation in the Cellulose Department.

(61)
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almost imperative for these observations. Square cover glasses are more
convenient than circles for drawing reagents evenly through the mount
with strips of filter paper.

Microchemical tests, as described by Farr and Eckerson (12), were
used to identify the presence of cellulose in the particles. The iodine solu-
tion contained 1.5 grams of potassium iodide, and o.3 grams of iodine to
100 cc. of distilled water. This solution was always added first, so that if
starch grains were present, their position could be located. The excess
solution of iodine in potassium iodide should be removed carefully by
slowly drawing it through the slide with filter paper before adding the acid
so as to prevent the formation of iodine crystals (1), which obscure the
microchemical reactions.

The cellulose reaction. Sulphuric acid (75 per cent by volume) was added
a drop at a time at one side of the cover glass. With a moist mount, or
tissue mounted in water, the concentration is diluted below 75 per cent.
Too high a concentration of acid may break down the cellulose structure so
rapidly as to make it difficult or impossible to follow the swelling of in-
dividual particles. Under such drastic treatment, the membrane dis-
integrates into a cloudy blue mass. To prevent this rapid disintegration,
the acid should be added slowly and drawn through the mount carefully
with filter paper. Distilled water should be added to check the reaction
when the desired stage has been reached (Fig. 1 B, C). Twenty-five per
cent phosphoric acid may be used in place of sulphuric acid. For very
delicate tissues the phosphoric acid is preferable as the reaction is slower
and less violent and the cementing material is swollen but not destroyed
(Fig. 1 D).

Starch grains and cellulose particles. Starch grains immediately turn
blue in contact with iodine solution, while the cellulose particles are yel-
lowish with their colloidal coating of cementing material and turn blue
only after the addition of sulphuric or phosphoric acid. The cellulose
particles are uniform ellipsoids and measure approximately 1.5 microns in
length (12, p. 193), while starch grains are usually very much larger and
show great variation in size and shape. In polarized light there is a marked
difference between starch grains and cellulose particles. A dark cross can
be seen on the starch grains, while the cellulose particles are bright.
Reichert refers to the appearance of starch grains in polarized light as
“an interference figure’’ or ‘‘cross’’ (32, p. 297). Other properties of starch

FIGURE 1. Cellulose particles. A. Cucurbita ficifolia cortical cell of fruit. B. Picea bud
+HCI to remove cementing material; +iodine and sulphuric acid; particles turning blue.
One space on micrometer = 2.35 u. C. Vaccinium, cranberry cortical cells of fruit+iodine
and sulphuric acid; particles much swollen and turning blue. D. Polytrichum spores+-iodine
and phosphoric acid; slide dried four and one-half months. Each blue particle surrounded
by swollen cementing material (X920, enlarged to 1840).
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grains, such as the lower refraction, swelling in boiling water (32, p. 298)
and in 10 per cent alkalies, serve to distinguish them from cellulose par-
ticles (11). After the iodine and sulphuric acid reaction, the size of the
cellulose particles and the amount of swelling depend upon the length of
treatment, the concentration of the acid, and the rate at which the re-
agents penetrate the cell membrane and the particles. (Compare the size
of treated and untreated particles in Fig. 1 A and C.)

The number of cellulose particles in a given field depends largely upon
the mechanical and chemical manipulations. The particles are so small
that they may be lost or washed away by too rapid flow of reagents under
the cover glass. They have a tendency to rise close to the under surface of
the cover glass after treatment with sulphuric or phosphoric acid. Often
a slide which has been allowed to stand a half hour, or even overnight,
will contain many separated cellulose particles. By focusing just below the
cover glass many free cellulose particles may usually be found.

It is better to use fresh living tissue, but cellulose particles can be
identified in material fixed in formalin-alcohol either before or after im-
bedding in paraffin and sectioning. The fixing solution used was g6o cc. of
70 per cent alcohol plus 40 cc. of formalin. Farr has found 70 per cent
alcohol with 1.4 per cent formalin best for cotton fibers and many other
cells with which she has worked.

Plant cell membranes may be dissociated by appropriate chemical
means so that the cellulose particles are set free from the cell wall. Dilute
HCI (about 10 per cent) may be employed to remove the surface coating
of cementing material if this is so dense as to obscure the microscopical
and microchemical properties of the particles (13).

CELLULOSE PARTICLES IN THE PLANT KINGDOM
b THALLOPHYTES

The plant kingdom offers a wide choice of material for the study of
cellulose membranes. In the Thallophytes, both fungi and algae supply a
great variety in membrane structure and composition.

Fungi. The presence of cellulose particles in the sporangiophores of
Aspergillus niger, A. ochraceous, and A. flavus has already been reported
by Farr and Eckerson (12, p. 194). In Mucor the cellulose particles are
readily visible in young sporangiophores and sporangia (Fig. 2 A and C),
and may be seen also in the living hyphae (Fig. 2 B). The spore wall of
Mucor when mature contains one or more layers of cellulose particles.
Spores of some species have a raised pattern, with cellulose particles in the
membrane. As the spores germinate, the wall swells, increasing to several
times the original size. The very tip of the germ tube as it emerges does
not at first contain cellulose particles. As the young hypha develops cellu-
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lose is soon deposited in the wall of the germ tube nearest to the spore
coat, and cellulose particles also appear in the lumen. The walls of mature
hyphae may have two or more layers of cellulose particles. At the bases
of mature sporangiophores there may be several cellulose lamellae. In
Penicillium sp. cellulose in the form of particles occurs in the mycelium
as well as in the conidiophores and conidia. The common commercial
mushroom (4garicus Lin.) contains cellulose particles in more or less
random arrangement in the hyphae found in the stipe, in the gill tissue,
and in the basidiospores. A mycorrhizal fungus isolated from Epigaea
repens L. contains cellulose particles in the membranes of the mycelium.
The chlamydospores of this fungus have heavier walls than the spores of
Mucor, and the cellulose particles contained in the lamellae can be clearly
observed and identified.

The question of the presence of cellulose in fungi has received consider-
able discussion. Gilson (19, p. 420) thought all plant cell membranes, with
the probable exception of fungi, contained cellulose. De Bary (4, p. 8)
found cellulose in young cells of two species of Mucor, although he was
unable to obtain the color reaction in mature stages. He called this sub-
stance ‘‘Pilzcellulose.” Richter (33, p. 510) found de Bary's ‘‘Pilzcellulose’
to be the same as common cellulose with an admixture of other materials.
Using the iodine and sulphuric acid reaction, he identified cellulose in
Polyporus, Agaricus campestris, and Daedalea quercina. The present ob-
servations confirm these earlier identifications of cellulose in fungi and
show, in addition, that in the plants examined it is in the form of cellulose
particles. Cellulose particles are not as numerous in these fungi as in many
algae, but they are unquestionably present.

Algae. The presence of cellulose particles in Spirogyra, Oedogonium, and
Valonia has already been reported by Farr and Eckerson (11, 12, p. 195~
196). Farr demonstrated cellulose particles in Chlamydomonas, Oedogonium
9, p- 992993, Plate I, Figs. 1, 2, and 3) and in Valonia ventricosa (9, p.
994-995, Plate II, Fig. 4). Photographs and X-ray diffraction patterns
showed cellulose particles in Valonia ventricosa (11, p. 1130-1131, Plate
I11) and Halicystis ovalis (11, p. 1132-1135, Plates IV and V).

Cellulose particles can also be identified in the cytoplasm and in newly
formed layers of the cell membranes of such-algae as Nitella, Cladophora,
Vaucheria, Bulbochaete, Chlamydomonas, Oscillatoria, Chondrus crispus,
Laminaria, desmids, diatoms (Fig. 3), and many other forms. Some forms

- of Bulbochaete have setae which at their base are hollow cones narrowing
to slender cylinders containing one layer of cellulose particles. These setae
taper to a single row of cellulose particles surrounded by a coating of
cementing material. The oogonia have heavy walls with several lamellae
and the orientation of the cellulose particles is parallel to the surface of
the protoplast. In some Scenedesmus colonies the projections have a similar
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structure although they do not reach the extreme length of the setae found
in Bulbochaete. In Euglena sp. the flagella contain a single row of cellulose
particles in the basal end. These may extend one-half or two-thirds the
length of the motile organ.

The opposite extreme in proportions of crystallites to cementing ma-
terial is found in some of the diatoms, those minute one-celled plants the
fossil skeletons of which have persisted from prehistoric geological periods.
The living diatoms of today are often coated with a colloidal layer which
stains with ruthenium red, but in dead or fossil cells much of this colloidal
phase seems to have disappeared.

Diatoms have been reported to contain no cellulose in their cell walls
(35, p- 129; 37, p. 195). Examination of several species of living diatoms
shows the presence of cellulose particles not only in the cytoplasm but also
regularly arranged in the cell wall (Fig. 3 A, D, E, F). Uniform-sized
structures in mature diatoms have been frequently observed and illustrated
(s, p. 67; 16, p. 34; 18, Plate 21; 21, Plates 3 to 9; 26, Plate 4, Fig. C and
D; 31, Plate 9; 36, p. 137, Fig. 4; 38, Plate VI). Measurements made by
Quekett (31, p. 508) and Fuge (17, p. 91) indicate that these ‘‘dots’ or
“puncta’’ are approximately a micron in size. The double refraction of
these uniform-sized structures (Fig. 3 F) raises the question as to whether
these ‘‘dots’ or “‘puncta’” may have resulted from the deposition of non-
doubly refractive silicic material as a coating over cellulose particles during
membrane formation.

Joan Kerr (24, p. 27), using “‘strong iodine” and 5 per cent sulphuric
acid, has reported cellulose in the cell wall of Pleurococcus vulgaris. She
has also found it in the cell wall of Spirogyra (25). Naylor and Russell-
Wells (27, p. 640) have reported the presence of cellulose in the cell walls
of four red algae and seven brown algae. Viel (40) has recently reported
cellulose in two species of Fucus and two of Laminaria. Although Hassid
(23, p. 462) has reported that Iridaea laminarioides (Rhodophyceae) ‘‘does
not contain any cellulose,” Iridaea cordata, a closely related species, when
examined in our laboratory was found to contain cellulose particles in its
walls,

BRYOPHYTES

Liverworts. The rhizoids of Marchantia contain large numbers of cellu-
lose particles in the region of their actively growing tips. The lumen of the
tip of the young rhizoid frequently contains dense masses of cellulose
particles. The curious branches projecting into the cell lumen in certain
rhizoids show the presence of crystalline material in polarized light. After

F1GURE 2. Fungi. Mucor. A. Young sporangia, polarized light (X120, enlarged to 180).
B. Hypha (X920, enlarged to 1840). C. Surface of sporangium (X920, enlarged to 1380).
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treatment with 1o per cent hydrochloric acid, the cellulose particles are
clearly visible in these structures.

The sporophyte of Anthoceros contains cellulose particles in the spore
mother cells and in the walls of the developing spore tetrads.

Mosses. Young leaves of Mnium (Fig. 4 A) show cellulose particles
being laid down in the new walls of the mesophyll cells. At the left of the
figure long rows of the particles may be seen lined up close to the wall. In
these and other cells some short chains and irregular groups may be seen.
The paraphyses of Polytrichum, the hair-cap moss, with their transparent
walls are favorable material for observation (Fig. 4 B). The particles here
have an orientation similar to that in the cells of the Mnium leaf. Sphag-
num with its very peculiar leaf structure contains cellulose particles in
both the thin- and thick-walled cells. Sphagnum leaves are equally interest-
ing to study in polarized light, both with and without the selenite plate,
due to the orientation of the cell walls at different angles.

Roberts and Haring (34) report cellulose in the spore walls of 20 species
of mosses and have illustrated cellulose particles in the protonema of
Polytrichum commune (34, Fig. 2). The legend of their Figure 2 calls at-
tention to a line of cellulose particles in a cross wall, and also to the ap-
pearance of cellulose particles as observed while being laid down on the
inner surface of the walls. This very thorough study of mosses employed
both ordinary and polarized light observations with the microscope, as
well as microchemical analyses for cellulose, pectic substances, lignin,
cutin, and suberin (34, p. 102).

PTERIDOPHYTES

Among the fern allies, several species of Lycopodium have been found
to have a resistant spore coat made up of three layers: (A) an outer waxy
cuticle, (B) a middle silicious layer, and (C) an inner cellulose layer (3,
p. 278-279).

Fern spores, which germinate much more readily than Lycopodium,
have thinner and less resistant walls. The spores of Onoclea sensibilis L.,
the sensitive fern, contain cellulose particles in the enveloping membrane.
Upon treatment with iodine and sulphuric acid, the thin outer wall is
ruptured and portions slip off. The cellulose particles may be seen clearly
in these outer layers. Further treatment with acid breaks down the mem-
brane into short fibrils and chains and finally into separate cellulose par-
ticles. The growing tips of germinating fern spores, fern prothallia, tips of
fern roots, root hairs (Fig. 5 A) and epidermal hairs of young fronds,

FiGURE 3. Algae. A. Diatom (Xgoo, enlarged to 1800). B. Oedogonium (Xgz0, en-
larged to 1840). C. Oedogonium, polarized light (X goo, enlarged to 1800). D, E. Diatoms
(X920, enlarged to 1840). F. Diatom, polarized light (X 1125, enlarged to 2250)."
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Dicksonia punctilobula (Michx.) Gray, are favorable locations for studying
the formation and structure of cellulose membranes.

SPERMATOPHYTES

Gymmnosperms. The hard dense tissues of dry pine wood, Pinus sp.,?
when treated with HCl gas and washed to neutrality, show fibrillar and
particle structure on the broken surfaces and edges. When iodine and
sulphuric acid are added, these fibrils break down to cellulose particles,
separate and in chains. In Picea buds (Fig. 1 B) and in young living shoots
of Pinus nigra Arnold and Pinus resinosa Ait., in the bud scales, young
leaves and stem tissues, the particle structure of cellulose can be clearly
seen.

Angiosperms. Among the angiosperms, epidermal hairs from various
sources proved to be excellent material for observing the structure of the
cellulose. Great variation was found in the thickness of the cell wall in
trichomes of different ages from several genera. However, free cellulose
particles are present in the lumen of most of them, especially in the
younger cells. Typical examples are epidermal hairs from the young seed
coat of cotton, Gossypium hirsutum L.. var. Super Seven; hair from the
flower stalk of common double red geranium, Pelargonium sp.; from the
young stem of tomato, Lycopersicon esculentum Mill.; the down or fuzz
from the young fruits of the peach, Prunus persica Sieb. & Zucc.; the epi-
dermal hairs from young shoots of the stag-horn sumach, Rhus typhina
I.. (Fig. 5 B); the pappus of seeds of milkweed, Asclepias, or dandelion,
Taraxacum; and in the multicellular hairs on young leaves of trailing arbu-
tus, Epigaea repens L.

Stamen hairs and pollen of Rhoeo discolor Hance (Fig. 6 A) are es-
pecially favorable for observation where cellulose particles can be seen in
the striae on the walls of young cells, as well as in the streaming cytoplasm.
A recent photograph of Rhoeo pollen by Dermen (6, p. 216, Figs. J, M)
shows clearly particles in the cell wall which are probably cellulose. The
outer membrane of Rhoeo (Fig. 6 B), or Zebrina pendula Schnizl. filaments
or anthers (Fig. 6 C) shows the particles in interesting patterns.

Streaming may be seen in the epidermal hairs from the corolla of Cu-
curbita ficifolia Bouché where the cellulose particles are carried about by
the flowing cytoplasm. In order to secure photographs with a sharp focus,
it is often necessary to add a little dilute iodine to check this motion.

8 Sample supplied by the late Dr. Charles H. Herty from the Pulp and Paper Labora-
tory, Savannah, Georgia.

FIGURE 4. Bryophyta. A. Mnium. Edge of leaf. Cellulose particles in cell walls.
B. Polytrichum paraphysis (X920, enlarged to 1840).
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Roots are favorable regions for studying the presence and the proper-
ties of cellulose particles. The young roots of trailing arbutus, Epigaea
repens L., are densely granular in the growing region where the cells are
actively dividing and have not yet reached their full size. Magnifications
around goo show that this granular appearance is due to cellulose par-
ticles and their identity is confirmed by the iodine and sulphuric acid test.
Plants which form root hairs, such as Lilium regale Wils., contain cellulose
particles in the first bulge of the epidermis as root hair development is
initiated. Root cap cells of Epigaea repens and Cucurbita ficifolia also
contain cellulose particles. Pfeiffer has reported them in the roots of Cissus
sicyotdes L. var. Jacquini Planchon (29, p. 494). Priestley and Tupper-
Carey (30, p. 219) claim that when the root meristem of Vicia faba L. is
treated with iodine in potassium iodide and strong sulphuric acid ‘‘the
walls of the meristem without exception show no trace of cellulose.” Qur
observations do not confirm this. Their methods were rather drastic and
may have removed the substance for which they were testing.

Fruit pulp of various kinds, such as the Malabar melon (Cucurbita
ficifolia) shown in Figure 1 A, persimmon (Diospyros sp.), and cranberry
(Vaccinium macrocarpon Ait.) shown in Figure 1 C, contains cellulose
particles in cell walls and cytoplasm of the cortical region.

Cellulose particles may be observed in such leaves as the blanched
heart of cabbage, Brassica oleracea l.. var. capitata L., or in the cross
sections of the midrib of celery leaves A pium graveolens L. var. dulce DC.
They may also be found in the thin epidermis of the onion, A llium cepa 1..,
the “silk’”’ or style of sweet corn, Zea mays L. var. rugosa Bonaf., or in such
hard tissue as the mature husk or pericarp of the shag-bark hickory nut,
Carya ovata (Mill.) K. Koch.

In the light of these observations it would not be surprising that, if
some of the plant materials which have been supposed to lack cellulose
were observed more carefully microscopically by polarized light, and
tested microchemically with iodine and sulphuric or phosphoric acid, at
magnifications around goo, and with proper lighting, they might be found
to contain cellulose particles.

ORIENTATION

In the 1934 paper of Farr and Eckerson (12), emphasis was placed on
the end to end or linear arrangement of the cellulose particles in the
formation of cell walls. Farr (11) has found that fibril formation in Valonia
is quite similar to that in the cotton fiber. In the membranes of either of
these plants the angle of orientation of the fibrils as measured by micro-
scopic observations corresponds very closely to that found in the X-ray
diffraction pattern. Farr and Sisson (14) have shown that the cellulose
particles are arranged in transverse bands in the epidermal cells of Avena
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coleoptile. Here the long axis of the particles is oriented parallel to the
long axis of the cell. The present study reveals that Lilium epidermis is
very similar and is especially striking in polarized light. The long axis of
the cellulose particle is usually parallel to the surface of the protoplast of
the cell as Farr has already indicated (g, p. 988).

A single cell or a single plant with different tissues and organs may
illustrate several types of orientation. In the present study it has been in-
teresting to observe the orientation of the cellulose particles in many types
of plant cells and tissues and to note the arrangement in cells of different
geometric shapes. It is of great assistance to supplement ordinary micro-
scopic observations with polarized light and X-ray diffraction studies.

Within the cytoplasm, the scattered cellulose particles in granular
masses show little evidence of regular orientation. This is noticeable within
the Rhoeo pollen grain (Fig. 6 A), or in the central cytoplasm of such other
pollens as azalea (Rhododendron), arbutus, etc. The arrangement seems to
be more or less characteristic of the spore walls of the common mushroom
(Agaricus), and in the young sporangia walls of A ucor (Fig. 2 C). In the
cytoplasm of cortical cells in fruits of such various plants as the Malabar
melon (Fig. 1 A), persimmon, black alder, apple, etc., the cellulose par-
ticles show little orientation. Particles in the lumen of such cells as the
root caps of cucurbits and arbutus, root hairs of ferns (Fig. 5 A), and the
epidermal hairs of many plants show a similar arrangement. The densely
granular cytoplasm of meristematic tissues and young growing regions of
numerous plants show this lack of definite orientation.

While this type of arrangement of the cellulose particles is general
within the cytoplasm, evidence of definite orientation may be observed in
the outer regions close to the developing cell wall. Short chains of particles
often occur adjacent to the plant membrane as observed by Farr in Valonia
(11, p. 1131, Plate I1I, Fig. 1) and cotton (12, p. 202, Fig. 1 e). In the
present survey 18 to 20 particles in one chain have been counted in epi-
dermal hairs on a young peach fruit. Such chains in linear arrangement
may also be found in young milkweed hairs. In many long plant cells the
orientation of these chains of particles seems to be more or less parallel to
the long axis of the cell as in moss leaves (Fig. 4 A) and moss paraphyses
(Fig. 4 B). This parallel arrangement is particularly striking in Oedogonium
(Fig. 3 B and C) and in some diatoms (Fig. 3 E and F). The particles in
adjacent rows are frequently staggered, so that the widest part of a given
particle fits into the space where adjoining particles are in contact at their
rounded ends (Fig. 3 E). In other diatoms, the particles are arranged in

FIGURE 6. Spermatophyta. Monocotyledons. A. Rhoeo discolor Hance. Pollen (X460,
enlarged to 920). B. Epidermis of anther. C. Zebrina pendula Schnizl. Epidermis from
anther (Xg2o0, enlarged to 1840).
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horizontal as well as parallel rows. On cross walls or the ends of cylindrical
cells (Fig. 5 B), the particles may have their long axes at right angles to
the long axes of the cells as seen in the left end of the Oedogonium and the
diatom in Figure 3 C and F. This still maintains the long axes of the par-
ticles parallel to the surface of the protoplast. Not all cross walls form a
right angle with the long axis of the cell, so angles of various degrees may
be observed. The cellulose particles in such walls naturally follow the angle
of the wall in more or less linear arrangement.

In the cuticle and epidermis of Zebrina, a curious zigzag or herringbone
pattern is formed (Fig. 6 C). In some of the diatoms with elaborate surface
patterns on the valves, orientations at various angles and curves may be
found.

In some of the highly differentiated types of cells such as the cotton
fiber, the linear rows of cellulose particles become fibrils with extremely
firm end to end attachment of the particles. These fibrils are arranged in a
spiral around the long axis of the cell. Kapok fibers at the base show a
spiral arrangement, but in the upper portion of the hair, orientation is
much more frequently parallel than in cotton. In cylindrical hyphae of
the mycelium of Mucor, orientation is nearly parallel to the long axis,
while in more highly specialized structures like the mature sporangiophores
of both Mucor and Aspergillus the arrangement is definitely spiral. Pine
wood shows spiral orientation in the xylem cells. In bordered pits of coni-
fers, the cellulose particles are arranged in concentric circles as is brought
out clearly by rotating them in polarized light with a selenite plate.

In spherical cells of some of the unicellular algae, or cells with curved
surfaces which approach the spherical, the cellulose particles follow the
periphery of the cell. A spherical diatom in median focus (Fig. 3 A) il-
lustrates this arrangement which resembles a string of beads lying in a
circle. A median optical view of certain pollen grains, such as Rhoeo dis-
color (Fig. 6 A), shows a similar arrangement on curved surfaces. Adjacent
rows of particles or concentric lamellae on such curved surfaces frequently
show the same staggered arrangement as previously mentioned for parallel
rows on cylindrical or rectangular faces of cellulose membranes.

PLANTS WHICH CONTAIN CELLULOSE PARTICLES

The following is a partial list of plants which have been examined and
have been found to contain cellulose particles. Cellulose particles are not
limited to the tissues listed below, but may occur in other portions of the
plants as well. These are merely suggestive as regions in which the par-
ticles may be readily identified. The lower plants are listed according to
Engler and Prantl (7). The higher plants are named according to the
manuals of Gray (20) and L. H. Bailey (2).
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Family

Agaricaceae
Aspergillaceae

AMucoraceae

Mucedinaceae (?)

Oscillatoriaceae
Euglenaceae
Bacillariaceae

Desmidaceae

Zygnemaceae
Volvocaceae

Pleurococcaceae
Hydrodictyaceae

Ulvaceae
Ulothricaceae

Qedogoniaceae

Coleochaetaceae
Cladophoraceae
Vaucheriaceae
Valoniaceae

Characeae
Laminariaceae
Gigartinaceae

I. THALLOPHIYTA

A. Fungi
Genus
Agaricus Lin.
Aspergillus Micheli
Penicillium Link
Mucor (Micheli) Link

Mycorrhizal fungus iso-
lated from Epigaea re-
pens L.

B. Algae

Oscillatoria Vaucher
Euglena Ehrenb.
Navicula Bory and sev-
eral other genera
Closterium Nitzsch.
Cosmarium (Corda) Lund
Spirogyra Link
Chlamydomonas Ehrenb.
Sphaerella Sommerf.
Pleurococcus Menegh.
Scenedesmus Meyen
Hydrodictyon reticulatum
(L.) Lagerh.
Ulva lactuca Wulf
Microspora (Thur.)
Lagerh.
Oedogonium Link
Bulbochaete Ag.
Coleochaete Breb.
Cladophora Kutz.
Vaucheria DC.
Valonia ventricosa
Ialicystis ovalis (Lyngb.)
Aresch.
Nitella Ag.
Laminaria Lamx. 2 sp.
Chondrus crispus (L).
Stackh.
Iridaea cordata
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Tissue
Stipe, gills, basidiospores
Sporangiophores
Mycelium, spores
Mycelium, sporangio-
phores, spores
Mycelium, chlamydo-
spores

Cell walls and cytoplasm
« « « «
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Ceramiaceae
Corallinaceae

Marchantiaceae

Anthocerotaceae

Sphagnaceae
Mniaceae

Polytrichaceae

Polypodiaceae

Lycopodiaceae

Selaginellaceae

Pinaceae

Microcladia coulter:
Unidentified red alga

I1. BRYOPHYTA

[VoL. 11

Cell walls

“ ¥ and cytoplasm

A. Hepaticae—Liverworts

Marchantia (L.) Raddi
Anthoceros L.

B. Musci—Mosses
Sphagnum (Dill.) Ehrh.

Mnium (Dill. ex p.) L.
emend.
Polytrichum Dill.

I11. PTERIDOPHYTA

Asplentum platyneuron
(L.) Oakes

Cyriomium falcalum
Presl.

Dicksonia punciilobula
(Michx.) Gray

Onoclea sensibilis L.

Lycopodium annotinum L.

Lycopodium clavatum L.

Lycopodium complanatum
L. var. flabelliforme
Fernald

Lycopodium lucidulum
Michx.

Lycopodium obscurum L.,

Selaginella sp.

IV. SPERMATOPHYTA

A. Gymnosperms
Pinus nigra Arnold

Pinus resinosa Ait.
Picea canadensis (Mill.)
BSP.

Rhizoids, thallus,gemmae
Spore mother cell, tetrads

Leaves, paraphyses,
spores
Leaves, stems

Leaves, stems,
physes, spores

para-

Germinating spores, spo-
rangium

Prothallus, rhizoids,
sporeling leaf and root

Epidermal hairs

Sporangia, spores,
thallus

Spore wall, stem tissue
[ « « 14

pro-

«“ “ « «

Leaves, roots

Young leaves, bud scales,

stem
«“ 13 13 {3

Bud, 1-year wood
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Gramineae

Commelinaceae

Liliaceae

Juglandaceae
Fagaceae
Loranthaceae
Caryophyllaceae

Ranunculaceae
Cruciferae

Crassulaceae
Saxifragaceae
Rosaceae

Leguminosae
Tropaeolaceae

Linaceae

B. Angios [;vermfF

1. Monocotyledons

Zea mays L. var. rugosa
Bonalf.
Avena sativa 1..

Commelina coelestis Willd.

Zebrina pendula Schnizl.

T'radescantia virginiana 1..

var. Heavenly Blue
Rhoeo discolor Hance
Lilium regale Wils.

Lilium longiflorum Thunb.

var. extmium Nichols.

Allium cepa L.

2. Dicotyledons

Carya ovata (Mill.) K.
Koch

Custanea dentata (Marsh.)
Borkh.

Phoradendron flavescens
(Pursh) Nutt.

Lychnis coronaria Desr.

Paeonia suffruticosa Andr.

Brassica oleracea 1.. var.
capitata 1..

Brassica alba Ral.enh.

Sedum acre L.

Philadelphus sp.

Prunus persica Sieb. &
Zucc.

Pyrus malus L.

Crataegus sp.

Vicia faba 1..

Tropaeolum majus L.

Linum wusitatissimum L.
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Style or “silk"

Coleoptile, root hairs,
leaves

Epidermis, anthers, pol-
len, stem

Epidermis, stamen hairs,

pollen

&« “« &« &«

« « “« “«

Roots

Leaf epidermis, peduncle,
cell wall

Epidermis of bulb scales

Husk or pericarp
Decaying wood
Fruit

Epidermal hairs, epider-
mis of peduncle, calyx,
pollen

Pollen, flower

Leaves

Seed

Leaves, epidermis
Pollen

Epidermal hairs of fruit

Fruit pulp cortical cells
« «“ « [3
Meristem of root and
shoot in seed

Seed, cell walls of endo-
sperm

Bast fibers of stem
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Geraniaceae

Euphorbiaceae
Anacardiaceae

Aquifoliaceae
Malvaceae

Bombaceae
Umbelliferae

Ericaceae

Ebenaceae
Asclepidaceae

Convolvulaceae
Solanaceae
Scrophulariaceae

Cucurbitaceae

Compositae

Pelargonium hortorum
Bailey

Ricinus communis L.

Rhus typhina L.

Ilex verticillata Gray
Gossypium hirsutum 1.
var. Super Seven

Gossypium hirsutum L.
var. Acala

Ceiba pentandra Gaertn.

Apium graveolens L. var.
dulce DC.

Monotropa uniflora L.

Rhododendron calendula-
ceum Torr.

Epigaea repens L.

Epigaea asiatica L.

Vaccinium macrocarpon
Ait.

Diospyros sp.

Asclepias tuberosa L.

Asclepias syriaca L.

Cuscuta sp. on Hedera
helix L.

Lycepersicon esculentum
Mill.

Verbascum blattaria L.

Cucurbita pepo 1.. var.

condensa Bailey
Cucurbita ficifolia Bouché

Taraxacum officinale
Weber
Lactuca sativa 1..

[VoL. 11

Epidermal hairs of young
stem

Stem, bast fibers

Epidermal hairs of young
stem

Fruit pulp cortical cells

Epidermal hairs of seed
coat, stem tissue, peti-
ole, pollen

Stem, root, leaves, epi-
dermal hairs

Fibers from capsule

Petiole, leaves

Scale leaves, pollen
Pollen, pistil

Roots, seed coat, ger-
minating seeds, epider-
mal hairs, leaves

Roots

Fruit

Fruit pulp
Pappus of seeds

« « «

Stem, cortex, epidermis
Epidermal hairs

Epidermal and glandular
hairs

Pollen, peduncles, peti-
oles, hairs

Fruit pulp, cortex,corolla,
pollen, epidermal hairs,
veins

Pappus of seeds

Leaves, seeds

From this list it is clear that cellulose, in the form of uniform-sized,
ellipsoid, crystalline particles, is widely distributed throughout the plant
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kingdom. The extension of the list awaits time for further observations
and analyses.

SUMMARY

Cellulose, in the form of ellipsoidal crystalline particles about a micron
in size, has been identified in the cytoplasm and cell membranes of a
number of plants belonging to the Thallophytes, Bryophytes, Pterido-
phytes, and Spermatophytes. They are especially numerous in young
growing regions, where they are found in the cytoplasm as well as in vari-
ous stages of orientation in outer regions of the protoplast. Mature mem-
branes in which these individual structural units are no longer visible
break down upon treatment with hydrochloric acid (sp. gr. 1.19, room tem-
perature) to reveal their component cellulose particles. The non-crystalline
cementing material constitutes the continuous phase of the membranes,
and the cellulose particles the discontinuous phase in all of the cellulose
membranes examined.
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16.

17.
18,
19.
20,
21,
22,
23,
24.

235.
20.

27.

28,

29.
30.
3L
32,

33

34.

35.

30.
37.

38,

39-

40.
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TESTS ON CERTAIN ORGANIC COMPOUNDS FOR CONTROL
OF ADULT JAPANESE BEETLE!?

ALBERT HARTZELL AND FRANK WILCOXON

During the summer of 1938, an opportunity presented itself to conduct
some preliminary tests on a number of combinations of organic compounds
(1) as possible contact insecticides for the control of the Japanese beetle
(Popillia japonica Newm.). Certain phases of the work were repeated
during the summer of 1939. The experimental procedure consisted in
spraying infested rose bushes in the field with a given spray solution, and
immediately removing the sprayed beetles to field cages. Counts of living
and dead adults were made of the caged beetles at intervals of 24, 48, and
72 hours. The results appear in Table I. An adequate amount of fresh rose
blooms was supplied daily to caged heetles in order to remove the factor
of starvation. As soon as a spray solution was made up, it was applied by
means of a hand sprayer. Sprays were applied at intervals during the
period of July 19 to September 2, 1938, and in August, 1939. Duplicate
sprayings were made on the same day.

In order to prepare an effective pyrethrum spray it is necessary to have
both a suitable solvent and a suitable wetting agent. Preliminary tests
had shown that a solvent consisting of an aqueous solution of 8, 8’-dichloro-
ethyl ether with a sulphated alcohol (4) as a wetting agent (Tergitol 4
penetrant) were not very effective (58 per cent kill in 48 hours) in the con-
trol of adult Japanese beetles. Mixtures of solvents such as mesityl oxide,
methyl butyl ketone, and B, #’-dichloroethyl ether with a wetting agent
(Tergitol 7 penetrant) were also unsatisfactory as well as a solution
of ethylene glycol with Tergitol 7 penetrant (Table I). Various combina-
tions of pyrethrum extract with Tergitol 7 penetrant and with other com-
pounds (methyl isobutyl ketone and acetone) were tested. It was found
that Tergitol 7 penetrant could act both as a solvent for pyrethrum resins
and as a wetting agent, and that excellent results (100 per cent kill) could
be obtained with a spray consisting of Tergitol 7 penetrant (o.5 per cent),
and pyrethrum resins (0.1 per cent resins, total pyrethrins o.02 per cent)
with no other organic compound (Table I). It is necessary that the spray
be thoroughly agitated during mixing and application. The Japanese
beetle adults that were used in the above test were collected from un-
sprayed roses in the field. The possibility that the adults had fed previously

! Herman Frasch Foundation for Research in Agricultural Chemistry, Paper No. 206.
2 The materials for this investigation were furnished by the Carbide and Carbon Chemi-
cals Corporation, New York, N. Y.

Copyright, 1940, by Boyce Thompson Institute for Plant Rescarch, Inc.
(83)
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on sprayed foliage could not be eliminated. It was decided to compare these
results with those obtained from beetles reared under conditions where
the possibility of contact with insecticides would be avoided. Accordingly
an area of untreated lawn heavily infested with grubs was caged in the
spring of 1939 before the grubs had migrated to the surface. Adult beetles
collected from this cage were used in tests made during the summer of
1939. The kills averaged 85 per cent, which was somewhat lower than the
results obtained the previous year from beetles collected in the field, but
may still be regarded as satisfactory for an insect as resistant as the adult

Japanese beetle.
TABLE 1

ToxiciTy To ADULT JAPANESE BEETLE OF ORGANIC CONTACT SPRAYS

Replicate counts

% conc. of spray mixture - m e o e e -
No. beetles | % dead in 72 h

0.1% pyrethrum resin*+1.0% acctone+o.5% 73 : 03.2

Tergitol 7 penctrant 70 , 04.1

0.5% Tergitol 7 penetrant 115 ‘ 04.3

124 ‘ 58.1

1.0% acctone+0.1% pyrethrum resin* 76 1.0

05 | 7.0

0.5% Tergitol 7 penetrant +0.1% pyrethrum resin* 101 | 100.0

113 . 100.0

0.1% pyrethrum resin*+o0.1% methyl isobutyl 124 ' 0.3

ketone +0.5% Tergitol 7 penetrant It | 99.1

Control—natural mortality 100 ! 5.8
|

| 5-4

‘ 74

* 20 per cent total pyrethrins.

TOLERANCE TO PLANTS

The following 26 species of plants were tested : Aesculus hippocastanum
L. (horse-chestnut), Althea rosea Cav. (hollyhock), Antirrhinum majus L.
(snapdragon), Betula pendula Roth var. Tortuosa (white birch), Corylus
sp., Dahlia sp., Gladiolus sp. vars. Purple Glory and Senorita, Iledera helix
L. (English ivy), ITibiscus sp., Parthenocissus quinquefolia Planch. (Vir-
ginia creeper), Prunus persica Sieb. & Zucc. (peach seedlings), Prunus
salicina Lindl. (Japanese plum), Prunus serrulata Lindl. var. sachalinensis
Makino, Pyrus malus L. (apple), Quercus prinus L. (basket oak), Rosa sp.
(rose), Rubus sp. (raspberry), Rubus mesogaeus Focke, Salix acutifolia
Willd. (willow), Tilia euchlora Koch, Tilia japonica Simonkai (linden),
Ulmus americana L. (American elm), Vaccinium corymbosum L. var.
Adams (blueberry), Vitis sp. var. Concord (grape), Zea mays L. (corn),
Zinnia sp.
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It will be noted (Table IT) that, with the exception of apple, slight or no
injury resulted to the foliage of plants that had been sprayed with the com-
binations listed. The plants that were sprayed were growing under field
conditions, a single application was made in each case by means of a hand
sprayer, and the plants were examined for injury from three to six days
later. The injury to apple foliage was probably due to the wetting agent, as
Tergitol 7 penetrant (o.5 per cent) in water when applied alone to apple
foliage caused severe burning, but did not injure the foliage of several other
plants (Table II). Aside from this, no injury to plants resulted when
ethylene glycol was used.

TABLE II
DEGREE OF INJURY TO PLANTS BY ORGANIC CONTACT SPRAYS

Methyl isobutyl
ketone 1.0%, Pyrethrum* Ethylene
Pyrethrum* resin 0.1%, glycol 2.0%
resin 0.1% | Tergitol 7 pen- | Tergitol 7 pen-

Tergitol 7 pen- | etrant** 0.5%, l etrant** o0.59%,

etrant** 0.5% |

Pyrethrum®*
resin 0.1%
Name of plant Acetone 1.0%
Tergitol 7 pen-
etrant** o 5%

Apple xxx t
Birch, white —
Blueberry —
Corn —
Corylus —
Dahlia o
Elm o
English ivy o
Gladiolus sp. vars.
Purple Glory
Senorita
Grape
Hibiscus
Hollyhock
Horse-chestnut
Qak, basket
Peach
Prunus salicina
Prunus serrulala
Raspberry
Rose
Rubus mesogaeus
Snapdragon
Tilia euchlora
Tilia japonica
Virginia creeper
Willow
Zinnia

co|oooo0%

X
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woo | |z

ioo|ooo0o0
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ojolf=]loollof]o]o]]
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420000000

* 0.02 per cent total pyrethrins. o )
** 0.5 per cent Tergitol 7 penctrant alone caused injury only to apple foliage.
t o=no injury; x =slight injury; xx =moderate injury; xxx=severe injury.

METEOROLOGICAL FACTORS

Except for an excess of precipitation during July, 1938, the weather
conditions prevailing during the time that the field experiments were con-
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ducted were not unusual. According to the records of the nearest weather
station (2, 3) the mean temperature for July was 76.6° F., which was only
o.18 degree above the previous ten-year July average. The mean tempera-
ture for August, 1938, was 78.2° F., exceeding by 3.47 degrees the ten-year
average for that month. The precipitation for July, 1938, was 5.82 inches
which was 1.6 inches above the average for the previous ten years, while
that of August was 3.92 inches, which was o.95 inch below the ten-year
average. The maximum temperature reported during the period covered
by the experiments mentioned above was 96° F., which occurred August
15, the minimum temperature for the same period was 60° F., which was
recorded July 3.

The temperature during August, 1939, was unusually high with an av-
erage maxium of approximately 85° F., and an average minimum of ap-
proximately 70° F. The rainfall was light, between one and two inches.

SUMMARY

Preliminary tests were made of a number of organic compounds as pos-
sible contact insecticides for the control of adult Japanese beetle (Popillia
Jjaponica).

Tergitol 7 penetrant, a sulphated alcohol, can function both as a sol-
vent and as a spreading agent for pyrethrum resins and possessesdefinite in-
secticidal properties of its own. It is an excellent spreading agent for
pyrethrum sprays made up in acetone and methyl isobutyl ketone. Tergi-
tol 7 penetrant at a concentration of o.5 per cent gave a kill of adult Japa-
nese beetle of about 50 per cent. An aqueous solution containing o.02 per
cent of total pyrethrins and o.5 per cent Tergitol 7 penetrant gave a satis-
factory control of the adults (85—100 per cent kill).

Plant tolerance to these sprays has been tested on 26 species of plants
of which 21 species were tolerant, 1 species was severely injured, and 4 spe-
cies only slightly injured.
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VERTICAL MIGRATION OF JAPANESE BEETLE LARVAE
ALBERT HARTZELL AND GEORGE F. MCKENNA

Very little has been published on the movements of Japanese beetle
larvae (Popillia japonica Newm.) in the soil. Chemical treatments of turf
(5) are more effective if they can be applied at a time when the grubs are
close to the surface and therefore a knowledge of the vertical migration of
the grub population is important for the timely application of these treat-
ments.

Hadley and Hawley (4) report a depth of from four to eight inches for
the larvae. They state that movement ceases when the temperature goes
below 50° F. Fox (1) gives 50° F. as the temperature below which move-
ment ceases. He (2) believes that the larvae cannot stand a temperature
below +15° F. (—9.4° C.). Friend (3, p. 644) has reported on the percent-
ages of larvae of the Asiatic beetle (Anomala orientalis Waterhouse) found
at different depths in the soil.

In order to study the vertical migration of the larvae of the Japanese
beetle, sections of the turf of Gloucester loam soil type at the Boyce
Thompson Arboretum were examined from time to time during the winter
and spring of 1939. The investigation was directed principally toward the
determination of the vertical migration of the grub population rather than
a study of the up and down movement of the individual grubs. Evidence
of lateral migration was observed also, although no exact determination
was attempted.

Japanese beetle larvae made up between 77 per cent and 95 per cent of
the total larval population in the plots studied; the remainder for the most
part were Autoserica castanea Arr.

METHODS

A method that was rapid had to be adopted due to the low soil temper-
atures found during the winter. A square of turf, which averaged about a
foot to a side, was cut with a spade. The turf was removed and turned over
so the soil was uppermost. Then the top soil was examined. Each two-inch
layer of soil was kept separate. Usually two inches of soil was removed at a
time. After the top two inches of soil was examined for grubs the next two
inches of soil was taken out and examined. This continued until no grubs
were found. In order to insure that no grubs were missed, usually six inches
of soil was removed beyond the deepest larvae found. A record was kept
of the grubs nearest the surface and of the deepest individuals. Soil tem-
peratures were taken each time the turf was examined. Areas showing def-
inite injury in the spring were sampled.

Copyright, 1940, by Boyce Thompson Institute for Plant Research, Inc.
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RESULTS

The results are shown in Figures 1 and 2. On January g the first count
was made. Larvae were found from 2 to 12 inches below the surface. The
air temperature (s5) in early January was not severe and very little snow
fell. There never was any frost in the ground when the diggings were made.
During the middle of January the daily air temperature decreased.

o T T

MEAN DEPTH OF LARVAE IN INCHES

10 L 1 A 1 1 1
20 30 40 50 60 70 80 90

WEEKLY MEAN AIR TEMPERATURE °F

Ficure 2. Corrclation between air temperatures (°F.) and depth of larvae in soil.

February was the only month in which frost was found in the ground.
Larvae were always found just below the frost line. They followed the frost
line up and down. No larvae were found caught in the frozen area. During
the last week of the month the air temperature rose and the vertical mi-
gration of grubs followed the rise in temperature.

During the early part of March the air temperatures dropped and the
larvae descended. They came upward in the last part of the month due to
warmer weather.

April was in general warmer than March and the larvae were up nearer
the surface. The grubs were forced down in the middle of the month due
to low air temperatures in the early part of the month. Warmer weather
followed during the last of the month and the grubs were found nearer the
surface.
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During May and June the larvae were very close to the surface where
they remained until they pupated. The maximum depth varied somewhat
but was not as great as had been anticipated.

In early spring no greater difference in the grub population was ob-
served under the injured turf than under good turf. Larvae were found
nearer the surface in poor turf. Later in the spring the difference in num-
bers became more pronounced. In June only three larvae were found in
soil where the grass had died. There seems to have been lateral migration
in this instance as no dead grubs were found.

The maximum vertical movement observed was eleven and one-half
inches. It is very doubtful if individual grubs moved that far. Probably
the average movement for individual larvae was from four to seven
inches. In general, upward and downward movement of grubs was from
four to six days behind temperature fluctuations. There appears to be a def-
inite correlation between the mean depth of the larvae and the mean air
temperature (6), up to about 60° F., as illustrated in Figure 2. The varia-
tions on the same day are believed to be due to the location on the lawn
and the amount of protective covering.

CLIMATIC FACTORS

According to the records of the nearest meteorological station (6), the
69-year (prior to 1937) mean for January was 31.5° F., 38.3° F. for March,
49.2°F. for April, 60.8° F. for May, and 70.0° F. for June. The mean for
the corresponding months of 1939 was 32.2° F. for January, 39.2° F. for
March, 48.2° F. for April, 64.9° F. for May, and 73.0° F. for June. The dif-
ference in all cases above is less than 5°. The mean for the corresponding
months for 1937 and 1938 also did not exceed by more than 5°, except for
January, 1937, which was 8.3° above the 69-year mean. February, 1939,
was unusually warm, with a mean temperature of 37° F., which was 6.1°
higher for that month than the 69-year average.

SUMMARY

Daily air temperatures influence the movement of Japanese beetle
larvae in soil, but vertical migrations of the larvae were from four to six
days behind temperature fluctuations. In general, the movement was only
a few inches although the greatest vertical movement observed was eleven
and one-half inches. The probable average movement for individual lar-
vae was between four and seven inches. There appears to be a correlation
between mean air temperature up to about 60° F. and mean depth of the
larvae. Lateral movement seems to take place as the grubs move out of the
injured areas to areas of good turf.
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INTERMITTENT LIGHT AND THE FLOWERIRG
OF GLADIOLUS AND CARNATION

Jonn M. ARTHI{R AND EpwaRrD K. HARVILL

The present study is a continuation of the work with intermittent light
reported last year (2). Many varieties of Gladiolus were included in the
present study. These were chosen by Forman T. McLean mainly for size
of both plant and flower of each major color type in order to increase the
possible size of sweet scented hybrids produced by crosses with small sweet
scented winter-flowering species (4). In order to give the control plants
without supplementary light every possible advantage toward producing
flowers, large corms three to three and one-fourth inches in diameter were
obtained from a grower in Florida. These were kept in the cold room dur-
ing the summer and planted on September 13 and October 13. In all, 162
pots of plants mainly with two shoots to each pot, including 25 varieties of
gladioli, were grown under various types of lighting. All varieties flowered
under one or more of the lighting conditions. All varieties and practically
all plants of each variety flowered under intermittent lighting with 5o0-
watt Mazda lamps. Seventeen pots of plants including 11 varieties failed
to produce a single flower in the control house without supplementary
light. The results on flowering with intermittent and continuous light and
different types of lamps are compared.

Thirty-seven pots of carnations (Dianthus caryophyllus L.) were grown
under intermittent light and 25 pots in the control greenhouse without sup-
plementary light. From the lighted plants 204 flowers were cut to April 1
as compared with 30 from plants in the control greenhouse.

LIGHTING

Five separate lighting circuits supplied different intermittent periods
of lighting in a greenhouse of the ordinary type approximately 19 by 25
feet as follows. (A) One center bench 6.5 by 18 feet was illuminated by two
rows of five each of the ordinary soo-watt Mazda lamps operated by means
of a thermostat and electromagnetic switch located in the insulated green-
house as described previously (2). (B) Two similar soo0-watt lamps on the
south side bench of this greenhouse were operated directly by a small soil-
heating-cable thermostat suspended under one of the lamps (2). (C) Three
soo-watt lamps on the same side bench were operated by a clock driven
switch circuit which burned the lamps for approximately 8 minutes, 14
seconds, alternating with a dark period of 21 minutes, 45 seconds from 6:00
P.M. to 6:00 A.M. each night. (D) This circuit controlling three lamps on
the north side bench was also operated by a clock switch which burned the

Copyright, 1940, by Boyce Thompson Institute for Plant Research, Inc.
(93)
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lamps for 1 hour, 33 minutes, alternating with a dark period of 2 hours, 10
minutes from 6:00 P.M. to 6:00 A.M. each night. The lamps consisted of a
soo-watt Mazda lamp at one end of the bench and two 85-watt capillary
mercury lamps,! type H-3, spaced 18 inches apart and at about 55 inches
from the soo-watt lamp. (E) This circuit consisted of two 30-watt, 220-volt
fluorescent tubes,! type ‘‘white’’ under a common plane-surface reflector
and two similar tubes except “red” under a second reflector placed 30
inches farther along the bench. These lamps were turned on by a hand
operated switch at 6:00 .M. and burned continuously until 6:00 A.M. each
night. The average number of hours and minutes per 24-hour day are
shown in Table I, also the lighting circuits used. It will be noted that the
number of hours of light in circuit A operated by the thermostat in the in-
sulated greenhouse was abnormally high in March and April. This was due
to the fact that after March 12, only eight out of the usual ten soo-watt
lamps were used as a source of both heat and light in the insulated house.
A ring of four sodium vapor lamps had been substituted for two of the Maz-
da lamps during the winter months. The sodium vapor lamps burned con-
tinuously each night until March 12 when they were turned off and only
the eight lamps remained to heat the house. This resulted in an increase in
the number of hours of light received on the center bench in the ordinary
type of greenhouse lighted by circuit A.

The cost of current data given in the second from the bottom row of
Table I are calculated for the average number of hours used per day given
in the row above with lamps spaced as used in these tests. The center bench
area (circuit A) contained 13 square yards while each of the side bench
areas contained 8.3 square yards. Although only two H-3 lamps, and two
sets of two tubes each of white and red fluorescent lamps were used, the
wattage consumption per square yard is calculated at the rate of 16 H-3
or 16 sets of two tubes for a side bench containing 8.3 square yards. The
effectiveness of the various lamps in lighting plants will be discussed in
later paragraphs. It should be mentioned here that the fluorescent lamps
as used were least effective while the type H-3 lamps were almost as effec-
tive as the Mazda lamps. The foot candle (f.c.) intensity at soil level (one
foot from the lamp as measured by a photo-cell meter) for the Mazda cir-
cuits was approximately 750 and 200 f.c. at 32 inches. The white fluores-
cent tubes gave 75 f.c. at 16 inches from the tubes and soo f.c. at one-half
inch, while the red tubes gave only 15 f.c. at 18 inches and 50 f.c. at 3
inches. These intensities compare with 180 f.c. at 23 inches and 750 f.c. at
6 inches from the type H-3 lamps. The latter were enclosed in small spun-
aluminum parabolic reflectors, while R.L.M. Ivanhoe porcelain reflectors
were used with the goo-watt lamps. The fluorescent tubes were mounted
in pairs on plane pieces of asbestos composition wall board 40 by 6.5 inches,

! These lamps were furnished by the General Electric Company.
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which were coated with white enamel. The tubes were suspended so as to
touch the tips of the growing plants, while the Mazda lamps were kept 12
to 18 inches above the tips. The H-3 lamps were also kept w1th1n 6 to 12
inches of the growing tips.

In the next to the bottom row of Table I, the costs in cents per square
yard per average 24-hour day are given from December through April. In
the bottom row of this table the total costs are given in dollars per square
yard from October to the end of January. It is evident from these figures
that the cheapest of the Mazda circuits is A which increases in the amount
of light supplied as the average temperature decreases in the late fall and
winter. Circuit C has the lowest daily current consumption, but owing to
the constant number of hours supplied (3 hours, 29 minutes) reaches a high-
er total for the season. Circuit C could be easily changed to approximate
both the effectiveness on plants and the total cost per square yard of cir-
cuit A by decreasing the hours per night burned in the late fall and late
winter months. Without the use of a thermostat in circuit C, however, it
becomes much less adaptable to accurate temperature control in'the green-
house and may easily result in overheating the tips of the plants with the
result that less flowering is produced. In circuit D the H-3 lamps are most
effective on plants and cheapest to operate, supplying a total of 571 hours
for $1.87. Circuit E with fluorescent lamps is least in cost, supplying 1164
hours for $1.34 per square yard, but it is also least effective with plants. At
least one more tube would be needed in each set to equal the effectiveness
on plants of the type H-3 lamps. This would increase the cost by one-half
to a total greater than the H-3 lamps but would supply twice as many
hours of light in attaining the same production with plant8. It is believed
that no special advantage would be gained by operating fliiorescent lamps
on an intermittent schedule on account of their low energy output, while
soo-watt Mazda lamps have shown a decided advantage operated inter-
mittently, both in saving of current and in decreased injury to plants. The
soo-watt lamp in circuit D was less effective than those in A, B, and C be-
cause of its relatively long period of burn (1 hour, 33 minutes, alternating
with a dark period of 2 hours, 17 minutes) and consequent heat injury.
This frequency was well suited, however, to the H-3 lamps in the D cir-
cuit. These lamps require several minutes to reach maximum brilliancy
and after the circuit is opened will not come on again when the circuit is
closed until a cooling period of several minutes has elapsed. On account of
the high efficiency of the H-3 lamps (35 lumens per watt) and low heat
output, plants can be exposed continuously to them so that the long period
of burn in circuit D was favorable.

RESULTS WITH GLADIOLUS

Large size corms were obtained for the tests from a grower in Florida.
 These were kept in cold storage during the summer. Many of the corms
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were three to three and one-fourth inches in diameter. It was felt that abil-
ity to flower might be more or less associated with bulb size especially in
the control house without supplementary light. A few smaller corms of
two or three varieties left over from the preceding winter were also used.
The first planting of corms was made on September 13 and the second one
month later. A single large corm was grown in each six-inch pot and the
number of sprouts per corm was in every case limited to two of the most

TABLE 11
FLOWERING DATESs OF VARIOUS VARIETIES OF GLADIOLUS

In greenhouse with
supplemental light A;f)péox. No. Lighti}:g
. PR of days in | circui
Variety Plgz:zng Date of Approx. |summer sun- | producing
first No. of light to first
flower ﬂdays to | flowering* flower
owering
A. E. Amos Oct. 13 | Feb. 20 130 — D
Ave Maria Oct. 27 | Feb. 24 120 89 C
Betty Nuttall Sept. 13 | Feb. 7 147 11 C
Chas. Dickens Oct. 13 | Feb. 7 117 93 B
Daintiness Oct. 13 | Feb. 7 117 — A
Douglas Sept. 13 | Feb. 24 164 101 B
Douglas Oct. 13 | Mar. 2 140 — A
Edith Robson Oct. 27 | Mar. 14 138 97 C
F. E. Bennett Oct. 13 | Feb. 18 128 98 D
Flaming Sword Oct. 13 | Mar. 2 140 91 A
Giant Nymph Oct. 13 | Feb. 18 128 89 D
Gold Eagle Sept. 13 | Dec. 25 103 80 B-C
Golden Dream Oct. 13 | Mar. ¢ 147 97 A
Greeley Oct. 27 | Mar. 2 136 87 D
gall:ey lich 1 Oct. 13 | Feb. 7 117 81 B
alley in constant light room -
400-w. H-1 and ncon lamp [ Aug. 8 Oct. 31 84 81
Joergs White Oct. 13 | Feb. 7 117 97 A
Los Angeles Sept. 13 | Jan. 12 121 90 A
Minuet Oct. 13 | Mar. 2 140 97 A
Mammoth White Sept. 13 | Jan. 17 126 99 C
Pendleton Sept. 13 | Feb. 5 145 94 A-B-C
:’icardy ik Sept. 13 | Jan. 24 133 92 A-C
’icardy in constant light room . _
4 sodium vapor and inter-} Sept. 23 | Dec. 24 92 92
mittent Mazda
Red Gauntlet Oct. 13 | Feb. 8 118 — C
Senorita Oct. 13 | Feb. 20 | "130 102 B
White Butterfly Sept. 13 | Dec. 18 96 86 A

* Data supplied by Forman T. McLean.

vigorous. The varieties used were chosen by Forman T. McLean and
grown for his work in cross-pollinating with small,-sweet-scented varieties
(5). They are listed in Table II. The dates of planting and appearance of
first flower are also given, and for comparison the corresponding approxi-
mate number of days to flowering for the same varieties when planted in
May in this region and grown out-of-doors in summer sunlight. The name
of the variety will be found in the first vertical column while the planting
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dates and flowering dates are in the second and third columns. It is realized
that previous treatment of the corms as well as early spring temperatures
are factors in determining the early growth rate of spring-planted bulbs and
that this affects the number of days to flowering. Practically all of the bulbs
grown under artificial light and planted either September 13 or October 13
had been stored for a sufficiently long period at 10° C. after a preliminary
drying so that they were not dormant and therefore started growth im-
mediately when planted.

The letters designating the electrical lighting circuit which produced
the first flowers form the last column of Table II. The A and C circuits
were most effective in producing the first flowers, B circuit was third, and
D was fourth, while the fluorescent lamp circuits produced not a single
first flower. Since the D circuit operated both a soo-watt Mazda and two
H-3 capillary mercury lamps, it is not evident which of these was most ef-
fective. It should be stated that of the four first flowers produced under
this circuit, the H-3 lamp was first in case of Giant Nymph and Miss Gree-
ley and A. E. Amos flowered at the same time under both lamps while
F. E. Bennett was first under the Mazda lamp.

INTERMITTENT AS COMPARED WITH CONTINUOUS MAZDA LIGHTING

A question often asked is: What advantage has intermittent lighting
using higher wattage lamps over continuous lighting using lower wattage
lamps? The extreme heating effects of 5oo-watt lamps can be partially
avoided by using 1oo- or 200-watt lamps for longer periods and the differ-
ence in light intensity might in this manner be largely compensated by
longer, continuous burning. The flowering data below supplied by F. E.
Denny are included for comparison with the data already submitted for
intermittent lighting. For this lighting, 200-watt Mazda lamps were used,
spaced at 27.5-inch centers along a three-foot growing bench. The same
type of R.L.M. reflectors were used as already outlined for the 500-watt
lamps, and the plants were grown at the same time but in another green-
house. The lamps were burned continuously for six hours each night and
produced an intensity of about 180 f.c. at 38 inches, on the pots of soil in
which the plants were growing. The corms were about the same size as the
smaller ones used in the intermittent lighting tests and would have flow-
ered under normal lighting conditions. The list of gladiolus plants exposed
to the light with the number which flowered is as follows:

Alice Tiplady, 8 plants exposed to light, 5 flowered
Giant Nymph, 8§ « “ L | “
Halley, 4 ¢ “ “« & o “
Laughing Water, 31 ¢ “ “ 4 3 “
Picardy, 22 ¢ “ “ & 2 “
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Souvenir, 43 plants exposed to light, 10 flowered
White Butterfly, 49 ¢ “ “ o« 21 “
Queen of Bremen, 16 “ “ % 10 “
Zona, 6 “ “ “« « 12 «

While not all of these same varieties were grown under intermittent
light (five out of nine), it will be recalled that in all, 25 varieties of gladiolus
were so grown and practically all plants of each variety flowered. It is be-
lieved that the failure of plants to flower under 200-watt continuously
burning lamps is due mainly to the injury from heating rather than from
the lower intensity of light supplied since plants flowered well under the
85-watt type H-3 mercury lamps at about this same order of intensity (cir-
cuit D, Table I). The heating effects of the H-3 lamps were, however, much
less than the 200-watt Mazda lamps, both on account of the higher effi-
ciency of the lamp (35 lumens per watt against 20 lumens per watt for Maz-
da) and shorter period of burning (on 1 hour, 33 minutes, alternated with
off periods of 2 hours, 17 minutes). Another factor operating against flow-
ering possibilities of plants under the 200-watt lamps was the higher night
temperatures of about 65° F. as compared with 55° to 60° F. in the green-
house with intermittent light. In all of the studies using supplementary
light in greenhouses as well as with all artificial light in the constant light
room, it has been observed that lamps of low efficiency (high infra-red out-
put), such as the Mazda lamp, produce better growth and flowering at
lower air temperatures while high efficiency lamps, such as the capillary
mercury and fluorescent types, are generally still effective at much higher
temperatures. That is, high ratios of infra-red to visible outputs of lamps
are more favorable to plants at lower air temperatures. In a test made
earlier with goo-watt Mazda lamps applied continuously for six hours each
night within two feet of the tips of plants, gladiolus produced little or no
flowering at 65° to 70° F. This failure to flower is doubtless a heat effect.
In the present tests the plants flowered only fairly well under a s00-watt
Mazda lamp in circuit D, Table I, alternating 1 hour, 33 minutes on, with
2 hours, 17 minutes off. Two plants of the Halley variety and two of Edith
Robson failed to flower. Flowers of others were a little ‘‘soft’” under this
lamp—that is, failed to persist as long at the flowering stage. None of these
undesirable effects was produced under soo-watt Mazda lamps in circuits
A, B, and C where heat and light outputs were carefully regulated by either
thermostats or short light period clocks. Here all plants flowered without
exception and produced very fine, normal spikes of flowers. A photograph
of several varieties of gladiolus grown with intermittent light is shown in
Figure 1 A. The two small plants at the left are from the control house with-
out additional light, none of which flowered. In these tests, just as in the
previous year (2), plants under lights produced high yields of viable seed
when properly pollinated.
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FIGURE 1. A. Gladiolus plants flowering under intermittent light. The two plants at
left are from the control greenhouse without light. B. Picardy and Giant Nymph gladiolus.
Left, two plants grown in control greenhouse; right, two plants grown with intermittent
light. C. Same plants as (B) showing new corms forming only on those plants in short day or
control greenhouse which do not flower. D. Carnations on January 28. Left, control green-
house; right, greenhouse with intermittent light.
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The two entries in the flowering data of Table II under Halley and
Picardy grown entirely without sunlight under two kinds of artificial light
sources are of special interest. The pots of plants were exposed continuous-
ly to artificial light from the time of planting the corms in the case of
Picardy and after the plants had grown a few inches above the soil in the
case of Halley. The time required for development from the planting of the
corm to the first flower under continuous light was the same as that of a
summer crop in sunlight; 81 days for Halley and g2 for Picardy. Halley did
not grow as vigorously under the capillary mercury and neon lamps as
those in the greenhouse, although three plants out of four flowered. Three
plants out of three Picardy exposed to the sodium vapor and Mazda lamps
flowered and the plants grew as vigorously as those in the greenhouse, one
flower spike attaining a height of 67 inches. The rate of development in this
case was fully equal to June and July sunlight. The lighting in the case of
Picardy consisted of four 10,000-lumen sodium vapor lamps arranged
around a circle with an 18-inch porcelain reflector in the center carrying
four 1oo-watt Mazda lamps. The sodium vapor lamps were burned con-
tinuously while the Mazda lamps burned intermittently as in (C) Table I.
The air temperature was held continuously at 63° F.

NEW CORM PRODUCTION AND DAY LENGTH

In general, tuberization in plants has been more or less associated with
short days. Garner (3) has discussed this briefly in a review of the work on
photoperiodism, pointing out that onion is an exception in that bulb for-
mation occurs on long days. Zimmerman and Hitchcock (6) found that
capping the stem tips of artichokes from 4:30 P.M. to 9:00 A.M. produced
tuberization and pointed out that the controlling influence is centered in
the growing tip of the plant. In the present work with gladiolus it was ob-
served that plants produced corms at once in the control greenhouse with-
out supplementary light but such plants never flowered. In the lighted
greenhouses new corms started to develop only after the flowers had opened
and seed was setting. The only exceptions to this were a few plants in which
the flowering stems were broken off. Such plants started to produce corms
at once while under the long day influence. A few plants at the end of the
center bench farthest away from the lamps failed to flower and produced
corms early. This effect on Picardy and Giant Nymph varieties is illus-
trated in Figure 1 B and C. The photographs were taken on February 24
and show large new corms already grown on the two short day control
plants (left) and no corm production but good flowering on the two lighted
plants (right). The lighted plants later developed very large corms as the
seed matured. The regulatory mechanism for corm formation in gladiolus
is affected by flower and seed formation. The plants build new corms on
either long or short days but flowering takes place only on long days and
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development of the flower inhibits corm formation. Corm formation pro-
ceeds immediately following flowering. If the plants fail to flower for any
reason, new corms are produced at once regardless of day length.

CARNATIONS AND INTERMITTENT LIGHT

The tests with carnations reported in the earlier publication (2) were
continued for another growing season. In the earlier tests the plants were
obtained late in the fall from a producer and were slow to start. In the
present tests the plants were grown from cuttings taken in the preceding
spring. Plants of the Dimity, Purity, and Crimson varieties were used.
Thirty-one plants were grown under intermittent light (circuit A, Table I),
and 25 under control conditions without light. In addition, a few plants
were grown in the heat insulated house already described (2) and under
circuit E with fluorescent tube lamps. The carnation plants in the in-
sulated house were illuminated from 6:00 p.M. until 6:00 A.M. each night
continuously by means of four 10,000-lumen sodium vapor lamps arranged
in a ring formation as described in a previous publicatior (1). The first
flowers were cut on December 18 from the insulated house, while the plants
in circuits A and E (Table I) produced the first flowers on January 27. The
first flower from the control plants was cut on February 1o but these plants
did not produce effectively until the latter part of March. In all, 204 flow-
ers were cut from 37 plants with lights in circuits A and E and insulated
greenhouse to April 1, while only 30 were cut from the 25 controls without
light. Sets of plants from the control and from the lighted greenhouse (cir-
cuit A) were photographed on January 28 and are shown as Figure 1 D.

The controls at theleft were beginning to produce budswhile many of the
lighted plants at the right were already in flower: On May g, the yield rec-
ords were discontinued when 230 flowers had been cut from the lighted
plants and 102 from the controls, averages of 6.2 and 4.8 flowers per plant
respectively. It is evident therefore, that the lighted plants not only yield-
ed flowers much earlier than controls but also the total crop yield was
higher. Some flower stem weakness developed with progressive production
under the Mazda lamps. This was in part due to the unfavorably high tem-
perature (55° to 60° F.) and it is thought can largely be avoided by growing
the plants at a lower temperature.

SUMMARY

1. Cost data on the supplementary lighting of greenhouses show that
soo-watt Mazda lamps burning internrittently as operated by a thermo-
stat are the cheapest and most effective source of light for plants at a total
cost of about $2.65 per square yard when operated to the last of January.
Small 85-watt capillary mercury lamps as operated in these tests were al-
most as effective and cheaper in operating costs at $1.87 per square yard.
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The much greater initial cost of these lamps as compared with Mazdas
would largely offset the difference in operating costs. Two 30-watt fluores-
cent tubes operated together as a single lighting unit were not as effective
on plants even when burned each night continuously. The total operating
cost of these tubes was $1.34 per square yard. It is estimated that three
tubes operated as a unit would be about as effective as the capillary mer-
cury lamps.

2. Data for flowering on many varieties of gladiolus showed that prac-
tically all plants of every species were brought into flower under intermit-
tent light from soo-watt Mazda lamps, while flowering was much more ir-
regular under 200-watt Mazda lamps applied continuously for six hours
each night.

3. New corm production went on under both short day and long day
conditions but plants did not flower on short days. Plants under long day
conditions flowered first and developed new corms only after flowers were
opened. Where flower stalks were broken off, new corm formation took
place at once under long day conditions, while new corms were formed at
once under short day conditions without flowering.

4. Gladiolus plants were grown from corm to flower exposed continu-
ously under all artificial light in about the same time as under sunlight dur-
ing June and July.

5. Carnations were found to flower well under intermittent light ther-
mostatically controlled. Two hundred and four flowers were cut from 37
plants with supplementary light, while only 30 were cut from 25 control
plants without supplementary light.
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STUDIES ON THE DEVELOPING COTTON FIBER.
I. RELATION OF DEVELOPMENT OF CRUDE
COTTON FIBER TO THE OTHER PRIN-
CIPAL BOLL CONSTITUENTS!?2

JAck CoMPTON AND FORREST E. HAVER, JR.

Considerable information has accumulated in recent years regarding
the morphological and cytological characteristics of the developing cotton
fiber (2-5, 7-12, 17, 18). Other than the contributions of Ivanova and
Kurennova (16), Gallup (13), and of Caskey and Gallup (6) literature on
the chemistry of the developing cotton fiber is practically non-existent.
The purpose of the present investigation is to obtain more definite infor-
mation as to the chemical composition and behavior of the many fiber con-
stituents during growth as an aid in elucidating the structure of the mature
cotton fiber. In the first communication of this series the relation of the
crude cotton fiber to the other principal boll constituents during develop-
ment will be considered for a pure bred American variety of cotton grown
under two different environmental conditions, namely, in the field and in
the greenhouse.

EXPERIMENTAL
SELECTION OF MATERIAL

The variety of cotton chosen for this investigation was Coker’s Super
Seven (Gossypium hirsutum L. Strain 4). The cotton plants were grown un-
der two environmental conditions, namely, field and greenhouse. The
former were grown at the South Carolina Experiment Station, Clemson
College, South Carolina, during the summer of 1938, while the latter were
grown (10) in the greenhouses of Boyce Thompson Institute during the
winter and spring of 1938 and 1939.

In the case of field grown plants, flowers were marked with dated tags
in such a manner that all the bolls reached the ages listed in Table I at the
same time. In this way only one shipment was necessary for the whole se-
ries. By packing the bolls in moist paper and shipping by express, the bolls
were received in good condition. In contrast to this procedure, flowers on
the greenhouse plants were marked daily with dated tags and the bolls col-
lected intermittently when the ages listed in Table II were reached. Suffi-
cient flowers were tagged in either case so that well developed bolls could
be selected. Despite careful selection certain anomalies usually arose dur-

"ing development, however, which could be neither predicted nor prevented
that had a decided bearing on subsequent data.

1 Presented before the Division of Cellulose Chemistry at the g8th Meeting of the Amer-
ican Chemical Society, Boston, Massachusetts, September 11, 1939.

2 Cellulose Department, Chemical Foundation, Boyce Thompson Institute for Plant
Research, Inc., Yonkers, New York.
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SEPARATION AND DETERMINATION OF BOLL CONSTITUENTS

After careful selection of the bolls, the calyces and bracts were removed
by cutting smoothly with a sharp razor blade. The bolls were then wiped
clean with a piece of cheesecloth and weighed (Tables I and 1I). Due to the
difference in the manner of selecting the bolls of field cotton from that of
the greenhouse cotton, slightly different procedures were used for deter-
mining the weights of the various boll constituents following dissection.

Seeds and Carpels

The bolls were opened by insertion of a scalpel along the lines where the
carpels meet. The seed and fiber in immature bolls cling into a very com-
pact mass which may be easily removed from the walls and partitions. The
removal of the fibers from the seed offers considerable difficulty in very
young bolls, 10- to 20-day, but may be easily accomplished in older ma-
terial. The seeds delinted by hand still retained a small amount of very
short fibers but this factor remains approximately constant and probably
never exceeds 5 per cent of the total fiber weight. The dissected seeds and
carpels were then immediately weighed. The higher moisture content of
the cotton fibers obtained from greenhouse cotton causes the combined
percentage yields of seeds and carpels to appear lower than that of the field
cotton. On a moisture-free basis, however, the yields of these constituents
from cotton grown under greenhouse and field conditions are not greatly
different but in general are slightly higher when grown in the greenhouse.

Crude Fiber

Wet crude fiber. The weight of the fresh fibers was determined by sub-
tracting the sums of the weights of seeds and carpels from the weights of
the bolls. The fresh fiber mass thus obtained is a mixture of natural fiber
moisture, sugars, fats and waxes, nitrogenous substances, cellulose, pectic
materials, pentosans, and inorganic material (Tables I and IT). Although
it is the purpose of this investigation to determine each of the constituents
of the fiber, the present report does not deal with all the constituents listed.

Dry crude fiber. The fresh fibrous material was placed directly into ice-
water, thoroughly washed with water, and allowed to air-dry at room tem-
perature. Moisture determination was then made on a portion of the air-
dried material by heating at 105° C. in the usual manner and the weight of
the total fiber mass corrected. The results are given in Tables I and II and
Figure 1 A and B. This fibrous residue consists of fats and waxes, nitroge-
nous substances, cellulose, pectic materials, pentosans, and inorganic ma-
terial.
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Total Reducing Sugars in Developing Cotton Fibers

The water extracts of the crude fibers obtained from field cotton bolls
were diluted with twice their volume of 95 per cent ethyl alcohol and stored
in tightly stoppered flasks at o°® C. until each could be analyzed. The pre-
cipitates, consisting largely of protoplasmic protein, were removed by fil-
tration and the clear filtrates concentrated under diminished pressure at
40° C. to thick sirups. The protein-free sirups were then weighed and por-
tions taken for analysis. Assuming the sirups to consist of 50 to 75 per cent
reducing sugars, the portions weighed were usually such that when dis-
solved in water and diluted to 100 cc., solutions containing from o.5 to 3
per cent sugar were obtained. Usually 1 to 3 cc. of this solution were then
diluted to 100 cc. and the total reducing sugars determined on 1o cc. ali-
quots of the resulting solution by the Hanes modification (14) of the Hage-
dorn and Jensen method for total reducing sugars. Since the method only
covers a range of total reducingsugars of from o. 5 mg. to 3.omg., it was often
necessary to change the dilution ratio in such a manner as to conform with
the analytical procedure. A blank was run each day during the analyses
using 10 cc. of distilled water in place of the sugar solutions. For determin-
ing the actual sugar concentration from the observed titrations, the for-
mula of Hulme and Narain (15), sugar (mg.) =b(T+a), was used. In this
formula T is the titration dif<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>