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Chapter I
INTRODUCTION

Like many other crops, beans sustain great
losses annually from diseases, In 1938 the losas
in the United States ranged from a trace in Texas
to 69 percent in Nebraska with an average for the
entlre country of 12 percent, Upon reviewing
literature pertalning to the diseases of beans,
this author found that the seed-borne diseases are
among those which cause the greatest losses,
However, the bacterial diseases and virus diseases
are the most important. The seed-borne diseases

are listed as follows: Fungus Diseases - Anthra-

cnose, Ashy Stem Blight, and Watery Soft Rot;
Bacterlal Diseases - Common Blight, Halo Blight,

and Wilt; and Virus Diseases - Common Bean Mosalc

and Bean Mosalc Virus 44,

Since the presence of a seed-borne
disease, halrcracks and other injuries on dry bean
geed are not always detectable with the naked eye,
the growers and dealers are in need of a method

of testing the seed for such conditions. Inasmuch
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as ultra-violet light has been used in the identi-
ficatlion of both bacterial and virus infections
in other plants, it was the purpose of this work
to determine if this light could also be made of
use in the detection of seed-borne diseases of
beans,
Chapter II

REVIEW OF LITERATURE

The literature on the fluorescence of
substances under ultra-violet light is not
voluminous and much of it is printed in foreign
languages and obscure publications, Literature
on the fluorescence of plant materlials 1s especial-
ly scarce.

The work of Radley and Grant (18) is
largely a compilation of the works of others and
arranged according to subject. Under the subject
of seeds they describe the difference in fluores-
cence of several strains of barley when examined
under ultra-violet light, By their differences in
fluorescence the grains could be divided into
groupe;, according to chemical and biological

characteristics,
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Also, the difference in fluorescence between fresh,
sound seeds and old or damaged seeds was described.
Many seeds ahowed no differences between new and
0ld seeds,

This reference suggested to the author
of this paper the possible use of ultra-violet
light to detect strain and age differences among
Pinto bean seeds.

Gentner (4) used a mercury arc in quartz
with a fllter which transmitted 3,000 to 4,000
3ngstroms to test the applicabllity of qualitative
fluorescence analysis in practical seed testing.
Only a few of the many hundreds of species of seeds
tested showed fluorescence. The fluorescence of
gsome of the specles was described but Phaseolus
vulgaris d4id not appear in this description., The
majorlty of the species fluoresced when crushed and
the types of fluorescence of ¢rushed peas, vetches,
and lentils were noted.

In general, seeds which had been attacked
by fungi and bacteria during germination frequently
fluoresced in brilliant colors but this fluorescence

disappeared when the seeds were dried,




This article was inconclusive but it gave
some suggestions as to what might be expected when
seeds were examlined under ultra-violet light.

In a publication by Haitinger (5) 1928,
mention was made of the greenish blue fluorescence
of bean meal and the rosy fluorescence of pea meal,
He reports that when a plece of filter paper was
sogked in an alcoholic NaOH extract of the bean
meal the paper fluoresced white with a bluish
"shimmer" and the mergin of the paper appeared blue,
When a plece of filter paper was soaked in a similar
extract from pea meal, 1t fluoresced yellow with a
weak rose "shimmer" and the margin of the paper
fluoresced blue.

A description of the rosy fluorescence
of pea meal and the blulsh-green fluorescence of
bean meal was published by Neseni (15) 1932, in one
of his earlier publications, In a later work, Neseni
(16) 1934, described in detall the fluorescence of
dried peas., He stated that the majority of the dry
peas fluoresced a rose color, Extracts with alcohol,
chloroform, or acetic acid did not show the

fluorescence of the extracted peas. Solutions of
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the pigment layered with concentrated Hgsou
fluoresced in a violet-red ring; which upon shak-
ing became a deep, wine red. Some of the peas
showed external points or flakes which fluoresced

a strong sulphur yellow color as well as black,

When such peas were cultivated on beer-wort agar,

1t was shown that the yellow fluorescence wes
partly due to bacteria and partly to fungl. However,
he did not identify those organisms, He concluded
that the ultra-violet lamp was helpful in establish-
ing the presence of fungal infections,

Leskov (10) and Levaditi (11) in some
detall described the fluorescent characteristics of
several bacteria and fungi. This, together with
the previously cited work of Neseni (16) indicated
the possiblility of the fluorescence of dry beans
belng used to detect the presence of micro-organisms,

The use of ultra-violet 1light for the
detectlon of dlseases in potatoes was suggested by
Flint and Edgerton (3) in their work with ring rot
of potatoes. Hervey (&) vublished similar results
on the same subject at about the same time, At a

later date Iverson and Harrington (9) reported on
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the accuracy of the ultra-violet metnod for select-
ing ring rot free potato seed stocks and McLean and
Kreutzer (13) described a fluorescence peculiar to
virus infected potato tubers,

It was the above cited literature that
suggested to this author the possillity of using
ultre-violet light for the detection of virus in-
fections in dry beans,

For the supplemental experiments in this
work, the attempted extraction of the fluorescent
material from the bean seeds was suggested by the
work of Best (1). In that publication Best stated
that he was not only able to isolate the fluorescent
materiel from tobacco, but he was able to 1dentify
it as 6-methy-7-hydroxy 1:2 benzopyrone,

In the anatomical studies of the bean seed,
the descriptions and plates by Lute (12) and Pammel
(17) were found invaluable for identifying the
tissues of seeds,

The method of Boswell, Toole, Toole, and
Fisher (2) was used in an attempt to trace any change
in compositlion of seed during storage which might

give some suggestion as to the cause of the fluores-
cense of bean seed,
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Chapter III
METHODS AND MATERIALS

A Portable Black Light, Model 70, produced
by Switzer Brothers and egulpped with a GE 250 W,
A-H 5, mercury vapor lamp, was used in this work.
This lamp with its filter generated ultra-violet
radiation in the region between 3,300 and 4,000
Kngstroms-—the principel line belng 3650 R. For
"black 1light" application, the absence of visible
light 1s essential, and this visible light was
absorbed by the use of & red-purple filter.

One pound samples (approximately 1,600
seeds per pound) of each of 12 varieties of dry
beans were examined under ultra violet light in a
darkened room, The fluorescence of these varieties
is described in Table 1. A small number of the
Pinto beans contained small spots of various sizes
which fluoresced a lemon yellow., Because of that
distinctive characteristic, this variety was
selected for further study.

To determine whether the lemon yellow

fluorescence of Pinto beans was related to the
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TABLE 1,--VARIETIES OF DRY BEANS UNDER
TUNGSTEN AND ULTRA-VIOLET LIGHT
COMPARED WITH COLOR STANDARDS
OF RIDGEWAY (19)

= ===

Variety Tungsten Light Ultre-Violet
Light
Bountiful Tan Brown
Brittle Wax White White, lighter
areas
Giant Stingless Brown Brown
Great Northern White White, lighter
areas
Henderson Bush White White, lighter
areas
Imﬁroved Kidney White White, lighter.
ax areas
Longreen Blue mottle Deep blue
Pinto Brown mottle Pale violet,
brown, yellow
Plentiful Black Black
Refugee 1066 Blue mottle Deep blue
Stringless Black
Valentine Black Black
Top Notch White White, lighter

areas
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presence of pathogenic bacteris, samples of bean
seeds containing bacterial wilt, halo blight, and
common blight were examined under ultraviolet light,
To prove the presence of these diseases, these dry
seeds known to be diseased were surface sterilized
by rinsing in a solution of one-tenth percent
mercuric chloride, followed by several rinses of
sterile water, Following this, each bean was placed
in an individusl test tube of sterile water and
allowed to soak for 24 hours. The beans were then
broken open with a scalpel to sllow the bacteria to
escape into the water and a 3 mm loop of the water
from each tube was streaked across plates of sterile

agar.
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To test the pathogenicity of the cultures
obtained from the above described experiment,
Pinto bean plants which had just produced the first
set of trifollate leaves were selected for inoc-
ulation., A drop of the culture was placed on the
cotyledonary node and the stem was plerced through
the drop with a flat-headed needle.

One hundred dry seeds each of fluorescent
and nonfluorescent Pinto beans were treated in
identically the same manner as those known %o
contain the bacterial diseases named above, The
procedure was repeated five times,

The above described pathogenicity tests
were conducted with the cultures isolated from the
fluorescent and nonfluorescent beans.

One hundred Pinto beans harvested from
mosalic-infected plants were examined for fluores-
cence, These, together with 500 each of the
fluorescent and nonfluorescent seeds, were grown
in =1l in the greenhouse for 25 days and obeerved
for virus infection,

Analysls of variance using the F values

from Snedecor (21) was applied to the data in
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Tables 2, 4, and 5.
Chapter IV
RESULTE AND DISCUSSION

None of the beans which contalned
bacterial wilt, halo blight, or common blight
fluoresced when examined under ultraviolet light--
nelther did they appear differently from the
heslthy seeds., Confirmetion that each of the
samples actuslly did contain the organism of which
1t was suspected was obtained when cultures of the
pathogens were 1solated from the seeds and grown
on agar plates. The pathogenicity of each cult-
ure was proven by inoculating healthy plants with
the culture. Each inoculated plant produced
symptoms typlical of the disease caused by the
respective pathogen.

When the same procedure which was used
in 1solating bacterlia from the infected seeds ﬁas
applied to the fluorescent and nonfluorescent beans,
two types of bacterial cultures were obtained, One
type was yellow in color and the other white., It

ie shown in Teble 2 that there was no significant




TABLE 2,--TYPES OF BACTERIAL CULTURES OBTAINED
FROM NONFLUORESCENT AND FLUORESCENT
BEANS. 100 SEEDS USED IN EACH TRIAL.®

]

NONFLUORESCENT

Trial White Cultures Yellow Cultures Total

1 2 1 3
2 0 2 2
3 10 6 16
4 3 2 5
5 b 2 6
Total 19 13 32
Mean 3,8 2.6 3.2
FLUORESCENT

Trial White Cultures Yellow Cultures Total

1 3 2 5
2 Y 1 5
3 2 6 g
4 1! 0 1
5 3 2 5

Total 13 11 2l

Mean 2,6 2.2 2.4

#NO SIGNIFICAN DIFFERENCE BETWEEN TYPES OF CULTURES
OR TYPES OF SEED,

2
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difference in the numbers of cultures of either
organism 1solated from either the fluorescent or
the nonfluorescent beans,

Using wilt and common blight pathogens
as checks, tests for pathogenicity were applied
to both the yellow and the white bacterial
cultures, As shown in Table 3, neither the yellow
nor the white cultures were pathogenic to beans,
Upon discussing these results with the other
workers in bacterlal diseases of beans, it was
learned that both of the nonpathogenic white and
Yellow cultures are commonly obtained when attempt-
ing bacterial isolations from beans, The reason
for thelr presence or their identity was not
learned--merely the fact that they are commonly
found in beans and are nonpathogenic,

The 100-bean sample harvested from virus
infected plants showed about the same percentage
of fluorescence (1.5 per cent) as did all the
healthy Pinto beans when examined under ultraviolet
light,.

At the end of the 25 day growing period,

11 per cent of the plants grown from the seeds
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TABLE 3,--PATHOGENICITY TESTS OF YELLOW AND WHITE
BACTERIAL CULTURES ISOLATED FROM FLUORE=
SENT AND NONFLUORESCENT BEANS, CORY-
NEBACTERIUM FLACCUMFACIENS AND
PSEUDOMONAS MEDICAGINIS VAR, PHRASEOLI-
COLA CULTURES OF KNOW PATHOGENICITY USED
TO TEST METHODS,

Culture Plants Plants % Pathogen-
Inocultated Infected icity

White 10 0 0

Yellow 10 0 0

Ps. medicaginis
var. phaseoli-
cola 10 8 &0

Corynebacterium
flaccumfaciens 10 10 100
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of virus infected plante had produced virus symptoms,
According to Harter and Zaumeyer (6) these results
were not abnormal since as high as 50 per cent

infection 12 rerely observed in plants grown from

seed harvested from virus infected parents,
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Of the plants grown from the 500 fluores-
cent and the 500 nonfluorescent beans, none showed
virus symptoms. It is possible that virus 1ln-
fections were present but masked. However, the
author believed this unlikely since the other
plants from known virus infected seed expressed
symptoms under the same growing conditions,

From thie exneriment the author concluded
that there was no association between the fluores-
cence of dry Pinto beans and infections of
bacterial wilt, halo blight, or common blight; and
that 1t was unlikely thet the fluorescence was

associated with a virus infection.

SUPPLEMENTAL EXPERIMENTS

l. The seed coats were peeled from fluorescent
beane and the seed coats and cotyledons were
ground separately in a burr mill, The ground
geed coats stlll fluoresced a lemon yellow,
The same procedure was followed using non-
fluorescent seede, All of the ground samples
were placed separately in a Bailey-Walker

extractor to which ethyl ether was added.




Continuous extraction took place for 24 hours,
At the end of the extraction period the
samples and thelr extracts were examined under
ultra-violet light, All of the samples fluores-
ced the seme as they did prior to extraction,
The extracts of all the samples fluoresced a
pale blue,

One hundred grams of whole fluorescent
beans were placed in a Soxhlet extractor to
which acetone was added. After eight hours
of extraction the beans fluoresced the same
as they did before extraction and the extract
fluoresced a pale blue. The procedure was
repeated using nonfluorescent beans and the
extract fluoresced in the same manner as did
that from the fluorescent beans,

The same experiment was repeated using
fresh samples of fluorescent and nonfluorescent
beans and ethyl alcohol. The results were the
same,

Ten fluorescent beans were placed in a

petrli dish and covered with water. After 16
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hours, eight of the beans had begun to swell
but two had not. The fluorescence of the
swollen besns was still visible but much
fainter, The two unswollen beans retained
their original fluorescence. After 24 hours
of sosking, the fluorescence had completely
disappeared from the eight swollen beans but
the two unswollen beans still retained their
original fluorescence. The water fluoresced

pale blue similar to that of the either,

acetone and alcohol extracts, The water extract
from a sample of nonfluorescent beans fluoresced

the same pale blue as that from the fluorescent

beans,

CONCLUSION: The yellow fluorescent material

in dry Pinto beans 1s not soluble in ethyl ether,
acetone, or ethyl alcohol. It is probably water
soluble or in some way changed since the yellow
fluorescence was removed after the beans were

soaked 24 hours.

To determine whether or not the yellow fluores-

cence of Pinto bean seeds was due to a strain
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difference, 13 strains of Pinto beans were
selected for study. A H00 seed sample was
taken from each strain, Each sample was
divided into 100 seed replicaticns, Each
replicetion was examined under ultra-violet
light and the number of fluorescent beans was
recorded, The results were compiled in Table U4,
No significant differences as to the number of
fluorescent beans within each strain were
found when analysis of verlance was applied

to the data,

Germination trials were conducted to determine
if any significant difference existed in
germination between fluorescent and non-
fluorescent Pinto beans, Five hundred seeds
each of fluorescent and nonfluorescent beans
were divided into replications of 100 seeds
each and planted in soil in the greenhcurs,
This procedure was repeated five times., Normal,
baldheads, and weak plants were counted
separately. The results are shown in Table 5.

When the numbers of normal seedlings, bald-
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TABLE 4,-.NUMBERS OF FLUORESCENT BEANS IN 500 EACH

LOT
SEEDS EACH, *

= =S

OF l% STRAINS OF THE PINTO VARIETY, EACH
AS DIVIDED INTO REPLICATIONS OF 100

STRAIN REPLICATIONS TOTAL  MEAN
No. 1 <0 I A 7 1.4
No., 4 it -l A 6 1.2
No. 5 S Vg Sy 9 1,8
No. 6 @ 0 3 3 A 7 1.4
No. 14 i Y T €5 2,2
No. 15 a2 "2 gl 6 1.2
No. 16 i WS RS 7 1.4
No. 20 e iz "o e 5 1.0
Idaho e AP Ty A SEs g 1.6
Idaho 78 3 2 1 O © 6 1,2
Idaho 106 1 0 3 2 3 9 1.8
Tanhe 118 '3 2 L@ 1 7 1.4
Wyoming O 6 % @2.'2 i/ 1.4
TOTAL 19 16 22 18 2¢ 95

* NO SIGNIFICANT DIFFERENCES,
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TABLE 5,--PERCENTAGES OF NORMAL, BALDHEADS, AND
WEAK PLANTS FOUND IN FLUORESCENT AND
NONFLUORESCENT PINTO BEANS, EACH TRIAL
CONSISTED OF EIVE REPLICATIONS OF 100
SEEDS EACH,

NONFLUORESCENT
Trial Normal Baldheads Weak Plants
1 70.4 2.8 9.6
2 0.0 3,6 o4
3 T4.2 1.4 8.4
4 91,2 1.0 2.2
5 71. 8 2. 0 2. 6
MEAN 77.5 2.2 5e6
FLUORESCENT
Trial Normal Baldheads Weak Plants
1 65,2 4,4 10.0
2 79.8 2.6 5.0
3 80.8 3. U4 7.8
L 82,6 2.6 4.0
5 82, & 3.0 3.2
MEAN 78,2 %3 6.0

# NO SIGNIFICANT DIFFERENCES.




heads and wesk plants were compared by analysis
of variance, no significant difference was

found between fluorescent and nonfluorescent
beans,

Free hand sections were made of dry, untreated
beans of each of the 12 varieties listed in
Table 1, When these sections were examined
under ultra-violet light, the cotyledons of all
12 verieties examined fluoresced the seme bluish
white. The only difference in fluorescence
among these varieties was in the seed cozats,

To determine the locstion of the yellow
fluorescence in the Pinto bean seed coat, fluore-
scent seed coats were peeled from dry Pinto beans
embedded in cellodidin and sectioned with a
8liding microtome, The sections were mounted
on slides in balsam. The same procedure was

followed using nonfluorescent seed coats.




The ultra-violet light was placed directly
beneath the stage of the microscope. With the
substage condenser removed, the yellow fluorescent
areas were observed to lay in the inner edge of
the palisade layer, the subepidermol layer and
the outer edge of the parenchyma. (See Figure 1),
With the substage condenser azdded, the fluores-
cence was still visible but not as clearly defined.
The 1light intensity was insufficient for photo-
micrography.




Fluorescentt
dred

FIG, 1.--CROSS SECTION OF PINTO 3BEAN SEED COAT
SHOWING LOCATION OF FLUORESCENT AREA,
(CAMERA LUCIDA DRAWING)

o
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Chapter V
SUMMARY

An attempt was made to use the ultra-violet
light for the detection of seed-borne diseases of
beans,

Dry seed from twelve varieties was examined
under ultra-violet light, Because a small per-
centage of Pinto beans fluoresced a lemon yellow,
that variety was selected for further study.

Both fluorescent and nonfluorescent beans
were compared under ultra-violet light with beans
believed, and later proven, to contain pathogens
which cause bacterial wilt, halo blight, and
common blight, None of the infected seed fluoresc-
ed.

Attempts to 1solate organisms from the fluore-
scent and nonfluorescent beans were made, Only
two types of nonpathogenic bacterial cultures
were obtained,

Pinto beans harvested from virus infected
plants were compared under ultra-violet light
wlth the beans which were being used in the




31

experiment, The beans of both lots fluoresced

in approximately the same proportion. These beans
were grown in soll in the greenhouse for 25 days
and examined for virus infections. Eleven percent
of the plants grown from virus infected seed show-
ed virus symptoms., No virus symptoms were observed
among the other lots,

The author concluded on the basis of these
preliminary exploratory investigations, that there
was no assoclation between the fluorescence of
dry Pinto beans and infections of bacterial wilt,
halo blight, or common blight, and that it is un-
likely that the fluorescence is associated with

a virus infection,




1.

De

Te

BIBLIOGRAPHY

Best, R, J. Studles on a fluorescent substance
present in plants: 2, Isolation of the
substance in a pure state and its identi-
fication as h-methy-7-hydroxy 1:2 benzo-
pyrone, Austrelian Journal of Experi-
mental Biologﬁuand Medical Scilence,
22:251-55, 1944,

Boswell, V. R., Toole, E. H,, Toole, V., K. and
Fisher, D. F, A study of repid deteriore-
tion of vegetable seeds and methods of
its prevention., Washington, U.S. Govt,
Print, Off,, 1940. U4& p, (U. S. Depart-
ment of Agriculture, Technical bulletin
No. 708.)

Flint, L, H., and Edgerton, C. W. Fluorescence
of diseasedpotatoes, Phytopathology,
31:569, June 1941,

Gentner, G, Uber die Verwendbarkeit von jltra-
vicletten Strahlen bel der Samenprufung.
Praktische Blétter fﬁr Pflanzenbau und
Pflanzenschutz, n.e. 6:166-72, 1928,

Haltinger, M., and Reich, V. Uber der Verhalten
einiger Tandwirtschaftlicher Produkte im
ultravioletten Lichte, Fortschritte der
Landwirtschaft, 3:433-37, May 15, 1928,

Harter, L. L., and Zaumeyer, W. J. Bean dlseases
and thelr control; revised, Washington,
U.S8.Govt. Print, Off,, 1944, 27 p.

(U.8, Depertment of Agriculture. Farmers'
bulletin, no., 1692,).

Harter, L, L., and Zaumeyer, W. J., A monogrephic
study of bean diseases and methods for
thelr contrcl. Washington, U.S. Govt.
Print,0ff,., 1944, 160 p. (U,S.Department
of : gi§u1ture, Technicel bulletin,
no. e j e




33

10.

11,

12.

13.

14,

15.

16.

17.

Harvey, R. B, Fluorescence of potatoes under
ultra-violet light for detecting ring rot;
abstract. Pytopathology, 31:10, January 194

Iverson, V. E,, and Harrington, F., M. Accuracy
of the ultra-violet light method for
selecting ring rot free potato seed stocks,
Amﬁrican Potato Journal, 19:71-T4, April
1942,

Leskov, G. D, Luminescence of bacteris and
fungi. Voprosy Pitangl, 9:28-30, 1940,

Levaditi, J, C., Bacterisl fluorescence as re-
vealed by the ultra-vioclet microscope.
Socléte¢ de Blologle, Paris, Comptes rendus|
137:318-19,367-9, 1943,

Lute, A. M, Impermeable seed of alfalfa, Fort
Collins, Colorsdo State Agriculturel
College, 1928, 35 p, (Colorado, Agri-
cultural Experiment Station. Bulletin 326.)

McLean, J. G., and Kreutzer, W. A, The deter-
mination of virus infections in the potato
tuber by the use of ultra-violet light,

American Potato Journal, 21:131-36, May 1944

Manton, I., and Smlles, J. Observations on the
spiral structures of somatic chromosomes
in osmunda with the ald of ultra-violet
light, Annals of Botany, 7:195-212, July
19 3.

Nesenl, R, Die Analysenquarzlampe; Original
Hanau, im dienste der Marktamtlichen §
Libensmittelkontrolle. Prager Archiv fur
Tiermedizin und Vergleichende Pathologic,
12: 237-43, 1932.

Neseni, R. Untersuchung von Erbsen. Zeitschrift
fur Untersuchung der Lebensmittel,

67-195-97, 1934,

Pammel, L. H., Anatomlcal characters of the seeds
of Leguminosae, chiefly genera of Grey's
Manual, Academy of Science of St, Louis,

Transactions, 9: 1899,

1,



34

14, Radley, J. A. and Grant, J. Fluorescence
analysis in ultra-violet light. New
York, D. Van Nostrant Co., 1935. 236 p.
(Series of monographs on appllied
chemistry, v. 7.).

19, Ridgeway, Robert. Color standards and color
nomenclature., Washington, D.C,, the
author, 1912, 43 p.

20, Smith, F. L, Red Kidney beans in California.
Berkeley, Cal., University of California,
194%2. 21 p. (California, Agriutural
Experiment Station, Bulletin 669.).

21. Snedecor, G, W, Statistical methods; 4th ed.
Ames, Iowa, Collegiate Press, 1946,
485 pe

i.__ lI (.4 o A RY

COILORADO A. & M. COLLEGE




	ETDF_1948_Fisher_H_001
	ETDF_1948_Fisher_H_002
	ETDF_1948_Fisher_H_003
	ETDF_1948_Fisher_H_004
	ETDF_1948_Fisher_H_005
	ETDF_1948_Fisher_H_006
	ETDF_1948_Fisher_H_007
	ETDF_1948_Fisher_H_008
	ETDF_1948_Fisher_H_009
	ETDF_1948_Fisher_H_010
	ETDF_1948_Fisher_H_011
	ETDF_1948_Fisher_H_012
	ETDF_1948_Fisher_H_013
	ETDF_1948_Fisher_H_014
	ETDF_1948_Fisher_H_015
	ETDF_1948_Fisher_H_016
	ETDF_1948_Fisher_H_017
	ETDF_1948_Fisher_H_018
	ETDF_1948_Fisher_H_019
	ETDF_1948_Fisher_H_020
	ETDF_1948_Fisher_H_021
	ETDF_1948_Fisher_H_022
	ETDF_1948_Fisher_H_024
	ETDF_1948_Fisher_H_025
	ETDF_1948_Fisher_H_026
	ETDF_1948_Fisher_H_027
	ETDF_1948_Fisher_H_028
	ETDF_1948_Fisher_H_029
	ETDF_1948_Fisher_H_030
	ETDF_1948_Fisher_H_031
	ETDF_1948_Fisher_H_032
	ETDF_1948_Fisher_H_033
	ETDF_1948_Fisher_H_034

