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INTRODUCTION

The widespread use of formalin, copper sulphate, and other germicides
in seed treatment for the control of seed-transmitted diseases is generally
attended by decreased and retarded seed germination. Pathogens on
the seed coats, present as dry bacteria, fungus spores, or dormant mycelium, are usually in a resting stage and as such require the use of disinfectants in a fairly strong concentration—i to 80 for copper sulphate
(CuS04) and 1 to 200 or 1 to 320 for formalin (CH20)—which often act
very detrimentally on the germinating seed. Even much weaker solutions—1 to 200 for copper sulphate and 1 to 400 for formalin—exhibit
retarding and killing effects when used on wheat. The use of lime after
copper sulphate, while beneficial to some extent, does not entirely prevent
seed injury, nor has the detrimental effect of formalin been so far fully
counteracted. The economic importance of the annual loss of grain due
to seed treatment is such that during the recent war it occasioned an
elaborate series of tests of standard grain disinfectants by the War
Emergency Board of the American Phytopathological Society.
In fact (s)2—
the difficulty of avoiding injury to the seed from treatment that is too severe or from
improper drying after treatment has undoubtedly had more influence in preventing
the general spread of the practice of disinfecting seed grain than has the cost of materials or the difficulty of the treatment itself.

In the course of investigations on the blackchaff bacterial disease of
wheat (5, 6, 7, 8) y under the direction of Dr. Erwin F. Smith, a new
treatment (1) of seed wheat with formalin and copper sulphate has been
discovered whereby seed injury due to these disinfectants is either entirely eliminated or is reduced to a negligible minimum, while at the same
time the bacteria are rendered more susceptible to the action of the disinfectant. The result has been accomplished by a correlation of two
1
The author wishes to acknowledge his indebtedness to Dr. Erwin F. Smith for helpful criticism and
advice throughout the course of this investigation.
1
Reference is made by number (italic) to " Liter ature cited," p. 392.
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fundamental principles of bacteriology and physico-chemistry : First,
the established fact that microorganisms in an active vegetative condition or just resuming activity are more susceptible to destructive agents
than when in a dry or dormant state; second, the law governing the
diffusion of dissolved substances whereby a solvent has a diluting effect
on any solute diffusing into it from a stronger solution.
EXPERIMENTAL METHODS
Numerous experiments with the use of dry heat (90o to 1100 C. for
various periods) for the control of the blackchaff disease had indicated
that it was attended either with serious seed injury or else with incomplete control of the bacteria so as to render it unsatisfactory for field use.
Exposure to 1050 C. for one hour killed all the bacteria, but it also killed
a very considerable part of the seeds, while in every case exposure to
temperatures between 90o and 1000 C. failed to kill all the bacteria.
Earlier experiments with mercuric chlorid (1:1,000) and with copper
sulphate (1:1,000) begun by Dr. Smith were abandoned because many
seeds were killed by the mercuric chlorid and not quite all the bacteria
were killed by the copper sulphate. A number of experiments to determine whether the formalin treatment for cereals might also be applicable as a means of controlling the blackchaff disease showed marked
injury to the seeds but gave a fairly satisfactory control. The lesser
amount of seed injury growing out of long exposures as compared with
short exposures is what led to the discovery of the treatment described
in the present paper.
Two parallel series of experiments were carried out—one, to determine
the effects on the blackchaff organism of various treatments, the other to
observe the effects of the same treatments on the germination of wheat.
Nine of the most widely grown wheat varieties were used in the latter
series: Turkey, Fultz, Marquis, Bluestem, China, Preston, Poole, Fife,
and Fulcaster, obtained through the courtesy of the Office of Cereal
Investigations.
Treatments for the seed-germination tests were made as follows,
except as otherwise stated. Seeds counted out in sets of 100 were
placed in loose cheesecloth bags and soaked thoroughly for 10 minutes
in the solution to be tested. The surplus liquid was then drained off,
and the seeds were placed in covered moist chambers containing several
layers of filter paper previously rinsed with the same solution. After
definite periods of time the seeds were removed, spread out to dry overnight, and planted the next day in flats or pots in the greenhouse. Untreated seeds were also planted as controls. Later in the course of the
work treated seeds were planted outdoors at the Arlington Experimental
Farm.
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The effect of the various treatments on the blackchaff organism was
determined by the following method, devised by Dr. Smith. Wheat
seeds in lots of 100 or more were placed in double envelopes of filter
paper and sterilized by dry heat at 1500 to 1600 C. for three hours, in
order to kill all internal and surface organisms. After they had cooled,
the envelopes were opened with aseptic precautions and the seeds were
thoroughly coated with blackchaff bacteria taken from 2- to 4-day-old
nutrient agar or potato cultures and used as a heavily clouded bacterial
suspension in sterile tubes of tap water. In this way five isolations of
the blackchaff organism from as many States were tested. The seeds,
after soaking in the bacterial suspension for 20 minutes, were replaced
in the envelopes and allowed to dry overnight. By this method each
kernel was coated with a dry film of live bacteria such as would occur
on badly infected seed under natural conditions. The next day the
inoculated and dried seeds were dropped into sterile test tubes containing
the disinfectant to be tested. The liquid was drained off after it had
acted 10 minutes. The tubes containing the seeds, which now had a
thin layer of the solution around each kernel, were placed in moist chambers previously rinsed with the same solution. After definite periods
the seeds, still moist, were replaced in the sterile envelopes to dry overnight. The next day they were transferred to nutrient agar previously
determined to be suitable for the organism, in poured plates, 10 seeds
per plate. Each seed was handled with forceps which had been dipped
in alcohol and flamed. Control seeds which had been inoculated but not
subsequently treated were also planted on this agar. After at least nine
days the final records were made. The controls usually developed a
typical blackchaff colony around each kernel. Treated seeds, if all the
bacteria thereon were killed by the solution used, remained sterile unless
contaminated by other organisms or slowly produced blackchaff colonies if the disinfectant had not been fully effective. This method is a
good index of the effect on the bacteria of the various treatments studied.
The seeds are sterilized by dry heat externally and internally without
leaving any antiseptic residue such as might be left by chemical sterilization. The treatment under consideration is performed upon dried
but live bacteria which are found on the seed coat exactly as they would
occur in field practice, except that ordinarily they would be less viable
and there would be fewer of them. The subsequent exposure on agar
plates to optimum conditions for bacterial growth reveals the effect of
the treatment, in that the bacteria on the seeds, if uninjured by the
treatment, are enabled to develop characteristic colonies, the slowness
of their development being a very good index of the proportion killed.
Over 5,500 seeds were treated in this manner in the course of the investigation.
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EXPERIMENTAL STUDIES

EFFECT OF FORMAUN TREATMENT ON BACTERIUM TRANSLUCENS VAR.
UNDUIyOSUM SMITH, JONES, AND REDDY
As the bacterial blackchaff disease has often been found together with
the covered smut of wheat in western fields, experiments were first performed to determine whether the formalin treatment for smut would
at the same time control the blackchaff disease. Following the procedure
above outlined, sterilized wheat seeds were inoculated with virulent
isolations of the blackchaff organism and then treated for various
periods with formalin i to 200 and 1 to 400 (1 part of 36.6 per cent
formalin to 200 or 400 parts sterile tap water) and finally dried and
planted on agar plates. The results of treatments of over 3,000 wheat
seeds in four experiments are summarized in Table I.
TABLE

I.—Effect of formalin treatment on blackchaff bacteria on wheat seeds

Treatment.

Formalin 1:200 overnight
Formalin 1:400 for 3 hours
Formalin 1:400 for 6 hours
Formalin 1:400 for 12 hours
Controls inoculated but not treated

Percentage
Percentage
contamiTotal
developing Percentage nated with
typical
remaining
fungi or
number of
sterile.
bacteria
seeds used. blackchaff
other than
colonies.
blackchaff.

.294
I,000
I,000

597

320

O.O
. I
.0
.O

82.6

82.3
92. 6
96.7
84.7
16. 2

17.7
7-3
3-3
15-3
I. 2

The data show that the blackchaff bacteria, dried on wheat seeds
as under natural conditions, can be held under control by the formalin
1 to 400 treatment, especially when exposed for six hours or longer.
Since all the formalin used in treating the seeds had evaporated
during the overnight drying, no residual solution could have been left
on the seeds in the plates to prevent bacterial growth. Neither did
24 to 48 hours' drying after inoculation kill the organisms, as was shown
by growth in the controls, which acted as an index of the viability of
the dried organisms as well as of the suitability for bacterial growth on
the part of the particular lot of media used. The conclusion is evident
that absence of blackchaff bacterial growth around treated seeds was
due only to the effect of the treatment.
GREENHOUSE

EXPERIMENTS WITH FORMAUN

AND

COPPER

SULPHATE

KFFKCT OF FORMALIN TREATMENT ON GERMINATION OF WHEAT SEED

Parallel with the experiments made to determine the effect on the
bacteria, a series was carried out to determine the effect of the two
formalin solutions, as used above, on the germination of wheat seed.
The 1 to 200 strength formalin was not tried after the second test because
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it appeared too injurious to germination to be of any practical value in
the field. A total of 6,300 seeds of three varieties was treated in this
series and planted in flats in the greenhouse. Records of germination,
counting all seedlings above ground on the seventh day after planting
for experiment I and those above ground on the ninth day for experiments II and III, are given in Table II.
TABLE

II.—Effect of formalin treatment on germination of wheat seed

Treatment.

China.

Bluestem.

Turkey.

Average percentage of
germination.

Average percentage of
germination.

Average percentage of
germination.

Exp. Exp. Exp. Aver- Exp Exp Exp Aver- Exp. Exp. Exp AverI.
I.
II
II. III. age.
I.
II. III. age.
III. age.

Control
Formalin
hours
Formalin
hours
Formalin
hours
Formalin
hours
Formalin
hours
Formalin
hours

1:400 for
1:400 for

3
6

1:400 for 12
1:200 for
1:200 for

3
6

1:200 for 12

78

63

63

68

49

65

56

48

40

48

27

SI

53

40

45

46

31

54

74

53

46

58

37

57

39

15 ....

27

14

27

37

33

35

15

25

57

29

43

13

35

The preceding table shows grave injury to germination where the
stronger solution was used. There was also marked retardation of
germination. Formalin 1 to 400, while much less harmful, caused an
appreciable decrease in germination as compared with the controls. It
was observed, however, that the 12-hour treatment (1:400) invariably
produced less retardation and loss in germination than the 3-hour treatment. This was repeatedly evident for each variety (PI. 69). A
fourth test for Turkey wheat (part of experiment IV), using 400 seeds
treated with formalin 1 to 400 for 1 hour, 400 seeds treated 12 hours,
and 100 seeds untreated, gave on the sixth day after planting 45 per
cent germination for the i-hour treatment, 59 per cent for the 12-hour
treatment, and 62 per cent for the controls. These results, so contrary
to what might have been expected, led to the experiments to be described.
A search of the literature after these results had been obtained disclosed
a similar condition in a number of cases not commented on by the
authors—that is, less injury from long exposures than from short ones.
Such a condition is found in an analysis which I have made of the
data presented by a subcommittee of the War Emergency Board of
Plant Pathologists (4) on the effect of formalin 1 to 320 acting for various
periods on different cereal seeds. With wheat, in 18 tests out of 25
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the short 2-hour treatment shows more injury than a longer treatment; with barley, 14 out of 19 tests show more injury from the short
treatment; and so with oats in 29 out of 41 tests and with rye in 2 out
of 3 tests. In some cases there is a steady decrease of injury as the treatment period lengthens.
A study of the tables given by Stuart (9) in his paper on the effect of
formalin on oat germination shows almost invariably greater injury
to germination caused by 2-hour treatment than by 4-hour treatment of
seeds, and a similar effect on the final yield of grain and straw—a fact
not commented on by that writer.
These facts led to the conjecture that the formaldehyde content in
the seeds at the end of 3 hours was really stronger than in the 12-hour
treated seeds. Such a condition might be explained by the hypothesis
that the dry seeds absorb the formaldehyde itself more rapidly than
they do the water and that by diffusion later this is diluted to a strength
more like the original solution through continued absorption of water by
the cell walls and cells.
Theoretically, therefore, if the 3-hour treatment could be made in
such a way that the final solution content of the seeds would be comparable in amount and dilution with that finally present in 12-hour
treated seeds, the effects on germination should also be similar. By
impregnating the cell walls and cells of dry seeds with water and then
treating with formalin for three hours, it appeared as if this result might
be attained; for, in accordance with the laws of diffusion of dissolved
substances, the formalin should be diluted as it diffused into the watersaturated seed tissues.
Acting on this hypothesis, wheat seeds were first soaked in tap water
for 10 minutes, drained, and kept moist for 9 hours, then soaked thoroughly in formalin 1 to 400 for 10 minutes, drained, and kept moist for 3 hours
in order that the water absorbed during the first 9 hours might weaken the
full strength solution diffusing into the cells during the next 3 hours and
might result in less injury than was caused by the 3-hour treatment of
dry seeds. Following this, numerous experiments were made, varying
the length of time during which the seeds were kept moist but starting
out always with a preliminary short plunge into water. This method—
short exposure under water followed by varying lengths of exposure to
moist air (covered)—has been designated throughout this paper as the
<<
presoak,, method of seed treatment. In the same way, whenever
exposure to formalin is mentioned it means always that the seeds were
plunged into the formalin water solution for a short period only (usually
10 minutes) and then kept moist (covered) for the designated number of
hours.
The seeds of two varieties so treated were planted in the greenhouse
with 12-hour treated seeds and controls. Table III records the results
observed.
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III.—Effect of ç hours' presoaking followed by formalin 1:400 treatment
Percentage of germination.
China.

Treatment.

Control.
Formalin 1:400 for 10 minutes, covered 12
hours
Formalin 1:400 for 10 minutes, covered 3
hours
Water for 10 minutes, covered 9 hours,
formalin 1:400 for 10 minutes, covered 3
hours
A

China.

Bluestem.

70

78

60

60

•
67

72

Marquis,
Exp.
VI.

Ex p.
V.

Exp.
VI.

Average.

46

50

48

59

40

43

42

56

35

23

29

49

45

42

44

58

Table III shows for the presoaked seeds not only a decrease in injury
over the "3-hour treated seeds as previously observed but also a decided
increase in germination over the seeds treated 12 hours with formalin.
The latter show a loss of 10 to 18 per cent, the former a loss of only 3
to 6 per cent. At the same time the presoaked seeds produced larger
and more vigorous plants than the controls.
Very clearly the presoak treatment followed by 3 hours of formalin
treatment showed a distinct advantage over the usual formalin treatment.
As this appeared to be a promising method of reducing formalin injury,
a thorough test was then made with all the varieties of wheat at hand.
It appeared possible that for some varieties a 9-hour presoak might
begin germination before treatment, thus rendering the seeds very
susceptible to injury, whereas, a formalin-treatment period longer
than 3 hours appeared desirable for control purposes. For these reasons, the presoak period was reduced to 6 hours, followed by a 6-hour
treatment with formalin.
EFFECT OF 6 HOURS' PRESOAKING FOLLOWED BY FORMALIN I TO 400 TREATMENT ON
GERMINATION OF W.HEAT SEED

The presoak treatment in every instance was given by soaking the
seeds 10 minutes in water, then draining off the surplus water and keeping the seeds in moist chambers 6 hours, allowing the seeds to absorb the
surface moisture film during this period. After shaking off all possible
surface water, the next step was to soak the seeds thoroughly in a i to
400 formalin solution, stirring and rinsing up and down to bring the
solution in contact with each kernel. After 10 minutes in this solution
the seeds were removed, drained, and kept moist for 6 hours in moist
chambers previously rinsed with the same solution. After treatment
the seeds were dried overnight and planted in the greenhouse, 100 seeds
per pot, in duplicate or triplicate.
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showing effect of formalin i to 400 treatments with and without presoaking: A, control,
untreated; B, seeds soaked in formalin 1 to 400 for 10 minutes, drained, and kept moist (covered) 1 a
hours, dried overnight, and planted; C, seeds soaked in water 10 minutes, drained, and kept moist
(covered) 6 hours, soaked in formalin 1 to 400 for 10minutes, drained, and kept moist (covered) 6 hours,
dried overnight, and planted. Records of germination were taken on the sixth day after planting in the
greenhouse.
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Using a 6-hour presoak followed immediately by a 6-hour treatment
with formalin 1 to 400, 6 experiments were carried on in the greenhouse
with 23,700 seeds of nine varieties, the test for each variety being repeated several times. Table IV and figure 1 show the data obtained on
the sixth day after planting in each test, this date being chosen as showing
not only the relative percentage of germination but particularly revealing
any retardation or acceleration. At the same time, the effect of this
method on the blackchaff bacteria was determined, as discussed later.
TABLE;

IV.—Effect of 6 hours ' presoaking followed by formalin 1 : 400 treatment on
germination of wheat seed
Average percentage of germination.
Fife.

Treatment.

Bluestem.

Preston.

Exp. Exp. Exp. Aver- Exp. Exp. Exp. Aver- Exp. Exp. Exp. AverV. VI. VII. age. V. VI. VII. age. V. VI. VII. age.

Control
89
Formalin 1:400 for 10
minutes, covered 12
hours
75
Water for 10 minutes,
covered 6 hours, formalin 1:400 for 10 minutes,
covered 6 hours
77

74

75

79

83

79

82

81

79

75

77

77

66

75

72

6l

54

66

60

53

Si

63

56

71

86

78

74

64

82

73

66

64

82 1

71

Average percentage of germination.
Treatment.

Marquis.
Exp.
V.

Control
Formalin 1:400 for 10 minutes,
covered 12 hours
Water for 10 minutes, covered 6
hours, formalin 1:400 for 10 minutes, covered 6 hours

1

China.

Turkey.

Aver- Exp. Exp. Aver- Exp. Exp. AverVII. age. V. VI. age.
V. VI. age.
W2xp.

82

79

84

82

52

38

45

60

61

6l

54

62

70

62

44

34

39

60

52

56

6l

75

82

73

50

44

47

71

50

61

Average percentage of germination.
Poole.

Treatment.

Fultz.

Exp Exp. Exp. Aver- Exp. Exp. Exp. AverVIII IX. X. age. VIII. IX. X. age.

Control
Formalin 1 :400 for 10 minutes, covered 6
hours
Formalin 1 .^oo for 10 minutes, covered 12
hours
Water for 10 minutes, covered 6 hours, formalin 1 : 400 for 10 minutes, covered 6 hours .

72

67
65

76

80
85

92
70

81

74

82

79

75

89

89

88

74

71

70

57

6l

66

62 '

57

78

76

71

55

83

57

60
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IV.—Effect of 6 hours* presoaking followed by formalin I : 400 treatment on
germination of wheat seed—Continued
Fulcaster.
Treatment.

Exp. Exp. Exp. Aver- Exp. Exp. Exp. AverVIII. IX. X. age. VIII. IX. X. age.

Control
Formalin 1 :400 for 10 minutes, covered 6
hours.
Formalin 1:400 for 10 minutes, covered 12
hours
Water for 10 minutes, covered 6 hours, formalin 1 : 400 for 10 minutes, covered 6 hours . . .
0

Turkey.

82

84

79

82

4i

74

64

59

62

67

60

63 056

64

48

56

68

72

69

70

35

67

61

54

77

80

83

80

46

71

65

57

Result from one pot only, the other having been overturned.

For each variety of wheat used the result is the same—a marked decrease in retardation and injury to gennination where the presoak method
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2.—Graph showing effect of formalin 1 to 200 treatments with and without presoaking: A, control,
untreated; B, seeds soaked in formalin 1 to 200 for 10 minutes, drained, and kept moist (covered) 6 hours,
dried overnight, and planted; C, seeds soaked in water 10 minutes, drained, and kept moist (covered) 6
hours, then soaked in formalin i to 200 for 10 minutes, drained, and kept moist (covered) 6 hours, dried
overnight, and planted. Records of germination were taken on the sixth day after planting in the greenhouse.

FIG.

of treatment was used, as compared with the 6- or 12-hour formalin treatment without presoaking. In the case of the three varieties most susceptible to formalin—Bluestem, Preston, and Marquis—germination
of the presoak-treated seeds is within 6 to 9 per cent of the controls,
while there is a reduction of 20 to 21 per cent in the seeds treated without
presoaking. The other six varieties show practically all injury eliminated by the presoak treatment. The relative appearance of controls,
treated plants, and presoak-treated plants on the sixth day is shown in
Plates 70 and 71. A very noticeable stimulation in vigor was observed in
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all of the presoak-treated seeds as compared with the controls.
is brought out also in Plate 72.

This

ßFFßCT OP 6 HOURS' PRESOAKING FOIVLOWED BY tfORMAILN I TO 200 TREATMENT
ON GERMINATION OF WHEAT SEED

The beneficial effect of the presoak method is strikingly shown in an
experiment where a much stronger solution of formalin was used. Seeds
of three varieties were treated for 10 minutes with formalin 1 to 200
and were then kept moist (covered) for 6 hours, dried overnight, and
planted in the greenhouse. Another set of seeds received the same
treatment but were first soaked in water 10 minutes, drained, and kept
moist 6 hours before receiving the formalin treatment. This strength
of 1 to 200 had previously been found to cause a very considerable injury
to germination. Table V and figure 2 show the percentage of germination on the sixth day.
TABLE

V.—Effect of 6 hours' presoaking followed by formalin 1:200 treatment on germination of wheat seed
Average percentage of germination.
Treatment.
Poole.

Control
Formalin 1:200 for 6 hours
Water for 6 hours, formalin 1:200 for 6 hours

80

46
?!

Turkey.

74
42
65

Fultz.

83
43
70

Here the 6-hour formalin 1 to 200 treatment reduced germination
32 to 40 per cent below that of the controls, while the reduction was
only 9 to 13 per cent where the same treatment was preceded by 6 hours'
water presoak (PI. 73.)
EFFECT OF 6 HOURS' PRESOAKING FOLLOWED BY FORMAUN I TO 32O TREATMENT ON
GERMINATION OF WHEAT SEED

, Formalin i to 320, or one pound of formalin to 40 gallons of water,
was next used, since that is the strength now recommended for the
cereal smuts. Besides the presoak procedure so far followed, a test was
made (experiment XI) of the effect of an actual soaking in water for 5
hours, followed by thorough draining for a few minutes, then 10 minutes'
soaking in the formalin 1 to 320, then covering for 7 hours before drying
and planting. Experiment XII was conducted to test the effect of an
actual soaking in water for 4 hours, followed by thorough draining for
a few minutes, then soaking in formalin 1 to 320 for 10 minutes, draining, covering 6 hours, drying, and planting. The results obtained are
shown in Table VI and figure 3.
177286°—20- 4
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VI.—Effect of 6 hours' presoaking followed by formalin 1:320 treatment on germination of wheat seed under greenhouse conditions
Average percentage of germination.
Fife.

Poole.

Treatment.

Ex p. Exp. Aver- Exp. Exp. AverXI. XII. age. XI. XII. age.

Control
Formalin 1 :320 for 10 minutes, drained, covered
6 hours
Formalin 1 :320 for 10 minutes, drained, covered
12 hours
Water for 10 minutes, covered 6 hours, formalin
1 :320 for 10 minutes, drained, covered 6 hours.
Actual soaking in water 5 hours, formalin 1 :320
for 10 minutes, covered 7 hours
Actual soaking in water 4 hours, formalin 1 :320
for 10 minutes, covered 6 hours

10
B
C

94

85

90

79

83

81

66

55

61

59

62

61

67

71

69

58

64

61

80

90

85

90

77

77

79

79

85

85
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3.—Graph showing effect of formalin i to 320 with and without presoaking: A, control, untreated;
B, seeds soaked in formalin i to 320 for 10 minutes, drained, kept moist (covered) 6 hours, dried overnight,
and planted; C, seeds soaked in water 10 minutes, drained, kept moist (covered) óhours, soaked in fonaalin
1 to 320 for 10 minutes, drained, kept moist (covered) 6 hours, dried overnight, and planted. Records of
germination were taken on the sixth day after planting in the greenhouse.

FIG.

A marked retardation and diminished germination is shown by both
formalin treatments without presoaking. The 6-hour formalin treatment
preceded by 6 hours' presoaking yielded plants similar to the controls in
percentage of germination, and they were very evidently stimulated, as
shown in Plates 74, 75, and 76. Actual soaking in water did not appear
to be so beneficial to the vigor of the seedlings as the procedure of
merely keeping the seeds moist for 6 hours before treating with formalin.
(See PL 75, fig. 3.)
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EFFECT OF PRESOAKING WHEN USED WITH COPPER SULPHATE FOR WHEAT AND
BARLEY SEED

The striking reduction in formalin injury to seed germination when
the presoak method was used led to trials of this method in conjunction
with copper sulphate. Six hundred wheat seeds of Fife and Fulcaster
varieties were soaked in a very strong copper-sulphate solution (1:8o, or
1 pound to 10 gallons of water) for 10 minutes, drained 20 minutes, dipped
for a moment in milk of lime, and dried. A like number of seeds received
the same treatment except that they were kept moist for 8 hours after
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4.—Graph showing effect of copper sulphate i to 80, with and without presoaking, on wheat and barley
seed germination: A, control, untreated; B, seeds soaked in copper sulphate 1 to 80 for 10 minutes,
drained, kept moist 20 minutes, then limed, dried overnight, and planted;C, seeds first soaked in water
10 minutes, drained, and kept moist (covered) for 8 hours, then treated as in B; D, seeds first soaked in
water 10 minutes, drained, kept moist (covered) for 6 hours, then limed, dried overnight and planted.
Records of germination were taken on the fifth and seventh days after planting in the greenhouse.

FIG.

soaking 10 minutes in tap water. Four hundred seeds were used as controls. All seeds were planted in the greenhouse after drying overnight.
The experiment was later repeated, using barley also and wheat seeds
of Fultz and Marquis varieties, kept moist in the manner described for
6 hours before treatment. The photographs (PI. 76, 77) and figure 4 show
the results obtained.
In these experiments the injury produced by the copper-sulphate
treatment was prevented by the use of the 6- or 8-liour presoak. The
6-hour presoak appears preferable,, because a longer period, by starting
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seed germination, may render the seed unusually susceptible to the subsequent copper-sulphate treatment and thus defeat its purpose.
A marked increase in the percentage of germination was observed in
the presoak-treated seeds over the controls. This was probably due
not only to the lack of injury in the former but to the residual effect of
the copper sulphate and lime, which, by preventing seed infection
through soil organisms, enabled more seeds to germinate. There was
also a marked stimulating effect on the growth of the seedlings.
The use of the presoak method of treatment also reduces coppersulphate injury in barley, as shown in Plate 76, figure 3. The fact that the
presoak method can reduce seed injury from formalin and copper sulphate, two disinfectants of widely different chemical nature, suggests
the possibility of its use in conjunction with mercuric chlorid also,
another commonly used seed disinfectant.
FIEU) EXPERIMENTS WITH FORMAUN AND COPPER SULPHATE
EFFECT OF 6 HOURS' PRESOAKING FOLLOWED BY FORMALIN I TO 320 TREATMENT ON
GERMINATION OF WHEAT SEED UNDER FIELD CONDITIONS

That formalin injury to germination can be greatly decreased under
field conditions when the presoak method is used is shown by the following experiment. Using seven wheat varieties, 16,800 seeds were planted
on a uniform level plot at the Arlington Experimental Farm. For each
variety 12 rows of 200 seeds each were distributed as follows: four rows
of controls, four rows of seeds treated with formalin 1 to 320 for 6 hours,
and four rows of seeds similarly treated but presoaked 6 hours. The
results were striking. In each variety the central four rows, which
received the usual treatment recommended for smut, showed a marked
decrease in germination (27 to 53 per cent, averaging 38 per cent for
the seven plots) while in each case the four rows receiving the presoak
formalin treatment scarcely differed in appearance from the controls
(PL 78). Table VII and figure 5 give the data obtained.
TABLE

VII.—Effect of 6 hours' presoaking followed by formalin 1:320 treatment on
germination of wheat seed under field conditions
Average percentage of germination.

Treatment.

Fulcaster

Fife.

Turkey.

Poole.

China.

Bluestem. Marquis.

10th 20th 10th 20th 10th 20th 10th 20th loth 20th xoth 20th 10th 20th
day. day. day. day. day. day. day. day. day. day. day. day. day. day.
Control
Formalin 1:320 for 10 minutes, covered 6 hours
Presoaked in water, 10 minutes, kept moist 6 hours,
formalin 1:320 for 10 minutes, covered 6 hours

26.1 32.6 62.2 63.0 50.2

53-9

32.1 36.8 31.0 41.8 24.2 28.6 20.4 29.8 145 21.1 32.5 44-5 24.2

39.1

535 S8.3 30.8 35-4 43-6 53.6 46.8

51.6

60.0 66.3 S8.4 59-6 40.6 50.4 60.2 643

56.4 56.2 58.3 40.8 51-2

juiy is, 1920
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The results obtained in the field fully corroborate the greenhouse
experiments as to the beneficial effect of the presoak method and show
that in actual field practice wheat seed injury caused by the formalin
treatment recommended for covered smut can be practically eliminated by
allowing the seeds to absorb water in the manner prescribed for six hours
10
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5.—Graph showing effect of formalin i to 320, with and without presoaking, on wheat seed gennination
under field conditions: A, control, untreated; B, seeds soaked in formalin 1 to 320 for 10minutes, drained,
kept moist (covered) 6 hours, dried overnight, and planted; C, seeds soaked in water 10 minutes, drained,
kept moist (covered) 6 hours, soaked in formalin 1 to 320 for 10 minutes, drained, kept moist (covered)
6 hours, dried overnight, and planted.

FIG.

before receiving this treatment. The effect of tne presoak method of
treatment in also eliminating retardation of germination is an important
factor in preventing the attack of soil fungi on seeds or very young seedlings unduly delayed in germination. Plate 78 shows the appearance of
the field plots on the sixteenth day after planting.
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EFFECT OF SIX HOURS' PRESOAKING FOLLOWED BY FORMALIN AND COPPER-SULPHATE
TREATMENTS ON HALF-BUSHEL LOTS OF WHEAT SEED

The next series of experiments was made to determine (i) the effect
of the ptesoak method of treatment, using wheat seed in half-bushel lots
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ViG. 6.-Graph showing effect of formalin and copper-sulphate presoak treatments of ^-bushel wheat seed
lots: A, control, untreated; B, seeds soaked in fonnalin i to 320 for 10minutes, drained, covered 6 hours,
dried and planted; C, seeds soaked in water 10minutes, drained, covered 6 hours, then treated with formalin as in B, and seeds from upper one-fourth planted; D, seeds from central part of same lot as C;
H, average germination of C and D; F, seeds soaked in copper sulphate 1 to 80 for V2 hour, followed by
milk of lime, and dried; G, seeds soaked in water 10 minutes, drained, covered 6 hours, then treated with
copper sulphate as in F, and seeds from upper one-fourth planted; H, seeds from central part of same
lot as G; I. average germination of G and H. In the Currell variety the same procedure was used except
that the seeds were sprinkled instead of soaked.

as in practical usage; (2) the relative effects of soaking and sprinkling;
(3) the result of a possible lack of aeration and accumulation of carbon
dioxid in the center of the presoak-treated mass of seeds.

July is, 1930
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A half bushel each of Dietz and China wheats in bushel bags were
soaked in water 10 minutes, drained, and covered 6 hours, then soaked
in formalin 1 to 320 for 10 minutes, drained, and covered 6 hours. A
similar treatment was made on like quantities of seed, using copper sulphate 1 to 80 for X hour after the 6. hours' presoaking, followed by milk
of lime. The upper and central parts of each half bushel were dried,
and each of the eight lots thus obtained was planted in 10 rows of 300
seeds each. Suitable controls and seeds treated without presoaking were
also planted.
At the same time, a bushel of Currell wheat, piled up on canvas, was
sprinkled with water and covered for 6 hours. Half of this was then
sprinkled with formalin 1 to 320 and covered for 6 hours. The other
half was sprinkled with copper sulphate 1 to 80, covered yí hour, and
limed. Seeds from top and center were dried and planted, along with
controls and seeds sprinkled without presoaking. The results obtained
a month after planting are recorded in figure 6.
The presoak-treated seeds again showed a marked improvement in germination over seeds treated without presoaking. Seeds from the center
of the bag are apparently affected to some extent, probably through lack
of aeration and the accumulation of carbon dioxid ; but the average germination of the presoak-treated seeds is better than that of the seeds
treated without presoaking.
The sprinkling method at first sight appears to possess a distinct advantage over the soaking method. In the former, compared to controls,
there is a marked increase in germination of seeds sprinkled first with
water and after six hours with the disinfectant. This is most probably
due to the incompleteness of the sprinkling method, since the disinfectant can not reach each kernel as in the soaking method. Hence a
large number of seeds, affected only by the water vapor of the preliminary sprinkling, receive the stimulation due merely to the absorption of water and drying before planting.
EFFECT OF PRESOAK METHOD ON BACTERIUM TRANSIyUCENS VAR. UNDUIvOSUM
EFFECT OF SIX HOURS ' PRESOAKING FOLLOWED BY FORMALIN I TO 400 TREATMENT ON
BLACKCHAFF BACTERIA ON SEEDS PLANTED ON NUTRIENT AGAR

A series of experiments was carried out parallel with the germination
experiments, using 2,360 seeds, to determine whether the 6-hour formalin
treatment when preceded by a 6-hour presoak would destroy or prevent
the growth of the blackchaff bacteria. Heat-sterilized wheat seeds
were heavily inoculated, using four virulent isolations of the blackchaff
organism, and dried overnight as before described. The next day the
seeds were placed in tubes of sterile tap water, which was drained off
after 10 minutes. The tubes containing the seeds were placed in moist

38o

Journal of Agricultural Research

Vol. XIX, No. 8

chambers for 6 hours to maintain a thin film of moisture around each
kernel throughout this period. The subsequent treament with a formalin
solution, i to 400, in sterile tap water was made in the same manner—
that is, by pouring the formalin solution on the seeds, draining if off after
10 minutes and placing the tubes in moist chambers rinsed with a formalin
1 to 400 solution. After 6 hours' treatment the seeds were replaced in
sterile envelopes, dried overnight, and planted on agar plates. Control
seeds, inoculated but not treated, were also planted. Observations were
made after 9 to 15. days and are recorded in Table VIII.
TABLE

VIII.—Effect of 6 hours' presoaking followed by formalin 1:400 treatment on blackchaff bacteria on seeds placed on nutrient agar

Experiment
No.

Treatment.

Inoculated seeds presoaked 6 hours, formalin 1:400 for 10 minutes, covered 6
hours
Controls inoculated but not treated
II. Inoculated seeds presoaked 6 hours, formalin 1:400 for 10 minutes, covered 6
hours
Controls inoculated but not treated.
III. Inoculated seeds presoaked 6 hours, formalin 1:400 for 10 minutes, covered 6
hours
Controls inoculated but not treated
Summary. Inoculated seeds presoaked 6 hours, formalin 1:400 for 10 minutes, covered 6
hours
Controls inoculated but not treated

Percentage contamiPercentage de- Percent- nated
with
Number veloping
of seeds typical age ster- fungi or
ile.
bacteria
used.
blackother
chaff
than
colonies.
blackchaff.

I.

400
160

0. O
72.0

65-5
19-3

34-5
8.7

400
200

.0
77-0

87.3
2.0

12.7
21. O

*8oo

.2

400

98.7

97-7
1-3

2. I
.0

1,600
760

. 1
86.6

87.0
5-9

12. 9

7-5

Only 2 out of 1,600 inoculated seeds treated by the presoak method
developed typical blackchaff colonies. The controls, which had been
inoculated and dried two days, showed 86.6 per cent of the kernels
developing the typical colonies when planted on the nutrient agar, thus
demonstrating that the absence of growth in the treated seeds was due
not to drying of the bacteria but to the treatment as practiced (PL 79,80).
The presoaking, then, while limiting to a striking degree retardation of
seed growth and loss due to failure to germinate, does not reduce the
effectiveness of the subsequent formalin treatment as a means of treating
diseased seed. In fact, it tends to increase its efficiency in this respect,
as will be brought out in the discussion.

Presoak Method of Seed Treatment

July 15, 1920

381

EFFECT OF SIX HOURS' PRESOAKING FOLLOWED BY FORMAUN I TO 320 AND COPPER
SULPHATE I TO 80 ON ARTIFICIALLY INFECTED WHEAT SEEDS PLANTED IN THE
SOIL UNDER FIELD CONDITIONS

Several field tests were made with seeds of Currell, China, and Dietz
varieties artificially infected with blackchaff bacteiia, dried, and treated
with formalin i to 320 and copper sulphate 1 to 80, after a presoaking of
six hours. The percentages of infection in the young seedlings two to
three weeks after planting are given in Table IX.
TABLE

IX.- -Effect of presoak method of treatment on inoculated wlieat seeds under field
conditions
Experiment of Aug. 9.

Treatment.

Isolation
numVariety ber of
of
Bad.
wheat transused.
lucens
var.
undulosum.

Seeds soaked in bacterial suspen- [Currell.
sion 20 minutes, dried, planted <China. .
at same time as treated seeds iDietz. .
below.
Seeds soaked in bacterial suspension 20 minutes, dried over- Currell.
night, soaked in water 10 minutes, covered 6 hours, soaked {China..
in formalin 1:320 for 10 min- Dietz..
utes, covered 6 hours, dried,
and planted.
Seeds soaked in bacterial suspension 20 minutes, dried overnight, soaked in water 10 min- Currell.
utes, covered 10 hours, soaked j China. .
in copper sulphate 1:80 for 14 Dietz ..
hour, then in milk of lime 1:80
a moment, dried, and planted.
a

From Kansas.

Experiment of Aug. 22. Experiment of Sept. 7.

IsolaIsolation
Pertion
PerPernum- centnum- centcentage of Variety ber of age of Variety ber of ace of
Bad. infecBad. infecinfecof
of
wheat irans- tion
wheat trans- tion
tion
of
of
used.
lucens
of
used.
lucens
seedseedseedvar.
var.
undu- lings.
undu- lings.
lings.
losum.
lo sum.
Currell. fi2yj-A
China. . 394
Dietz.. 850

Currell. *»3
China. . 271-A

«850
C318
c
394

92. 6
90.1
95-1

850
318
394

1.0
•S
•3

Currell.
China..
Dietz ..

271-A
394
850

•7
•4
.0

Currell.
China..

213
271-A

.0
•5

850
318
394

.8
1-5
•9

Currell.
China. .
Dietz . .

271-A
394
850

•9
•3
.0

Currell.
China..

213
271-A

.8
.6

& From Colorado.

85-S
91. 0
80.3

68.9
82.0

c From Montana.

Bacterial infection was prevented to a very marked degree in the
treated seeds; The controls, infected with five isolations of Bacterium
translucens var. undulosum from different localities, showed from 69 to
95 per cent infection, considerably more than' would usually occur in
naturally diseased seed, owing to the heavy artificial inoculation and
brief drying period before planting. Infection of these seeds, heavily
inoculated as they were, was reduced from o to 1.5 per cent by the presoak method, used with both formalin and copper sulphate. The application of this method, then, to the control of blackchaff on the farm is
evident. The only doubt that can be entertained is in cases where the
bacteria have penetrated the seed coats. Fortunately, in most such
cases at least, the seeds are more or less shriveled and of light weight so
that they may be screened out in advance of treatment.
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RESULTS OF PRESOAK TREATMENTS ON NATURALLY INFECTED WINTER WHEAT PLANTED
IN THE WHEAT FIELDS OF IOWA AND KANSAS

The first extensive field trial of this method was made in 1919 at
three places in the middle western wheat belt—Ames, Iowa, and Hays
and Abilene, Kans.,1 where Kharkoff and Kanred from infected fields,
screened and unscreened, was treated and drilled in after two to nine
days' drying. The treatments used were (1) presoak copper-sulphate
treatment, in which seeds were soaked 10 minutes in water, covered 6
hours, soaked X hour in copper sulphate 1 to 80, limed, dried, and
planted; (2) presoak formalin treatment, in which the seeds were soaked
10 minutes in water, covered 6 hours, soaked 10 minutes in formalin
1 to 320, covered 6 hours, dried, and planted. Notes on the amount of
infection on the seedlings were first made four to seven weeks after
planting, since infection at this time would represent mostly primary
infections due to diseased seed, before general dissemination from infection centers could set in. The results are summarized in Table X.
TABLE

X.—Preliminary results of presoak treatments of hifected winter wheat in the
Middle West, igig

Locality.

Wheat
variety.

Treatment.

No treatment, unscreened.
Presoak copper
sulphate treatAmes, Iowa..
ment.unscreened
..do
Presoak formalin
treatment, unscreened
Kharkoff. No treatment,
screened.
Kanred. .
do
Kharkoff. Presoak formalin
treatment
..do

Kanred.. ..do
..do
Abilene, Kans ..do

.'

No t r e a tment,
screened.
Presoak formalin
treatment
screened.

NumDate
Date
Date ob- ber of
treated, planted, served, plants
exam1919.
1919.
1919.
ined.

Size of
plot.

i/ao acre.

Percentage of
infection.

31a

28

8.9

...do.... Sept. 18 ...do... ...do...

360

2

.6

...do.... ...do... ...do... ...do...

343

0

.0

6

i/ioacre .

Sept. 27

Nov. 7

Number of
plants
infected.

Sept. 24 Nov. 10

218

17

7.8

...do.. . ...do...
.. do»...
...do.... Sept. 22 ...do... ...do...

250
312

23
0

9. 2
.0

...do.... ...do... ...do... ...do...

321

1

•3

Oct. 6 to Nov. 9
10
1 ...do... ...do...

200

23

"•5

360

Co

.0

45 acres..
15 acres.. Oct.

a
b

A very susceptible variety.
Part of main field.
c One diseased plant was found; but, judged by its advanced stage of growth, it was a volunteer and was
therefore not from the treated seeds.

The seedlings at the time of observation bore two to five leaves, with
infection visible on the first leaf of diseased plants verified by microscopic examination. In untreated areas, from 7.8 to 11.5 per cent infection was present; in treated areas, from o to 0.6 per cent, as shown in
1
The author is indebted to Dr. I. E. Melhus, at Ames, and to Mr. Swanson, at Hays, for cooperation and
assistance at these localities.
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the table, indicating so far a satisfactory degree of control under actual
field conditions through the use of the presoak method as formulated.
Plants collected from the western experimental plots March 27 to
April 3, 1920, were examined microscopically for the presence of oozing
bacteria in suspected blackchaff lesions and in dead leaves. Platings
were made later from similar lesions where abundant oozing bacteria
were found, and these developed the typical blackchaff colonies. Table
XI summarizes the results obtained.
TABLE

XI.—Condition of western experimental plots in the spring of IÇ20

Ivocality.

Abilene, Kans

Hays, Kans

Ames, Iowa

Treatment.

[Kanred wheat, untreated, 45
acres.
Presoak formalin treated plot,»
1 15 acres; plants collected from
s half of plot farthest from untreated area.
Same treated plot; plants collected from other half, near
I untreated area.
[Kharkoiï wheat, untreated
Kharkoff wheat, presoak forma1 lin treated plot.«
1 Kanred wheat, untreated
Kanred wheat, presoak formalin
I treated plot.«
(Kanred wheat, untreated
Kanred wheat, presoak formalin
< treated plot.«
Kanred wheat, presoak cooper[ sulphate treated plot.*»

Number
Num- with
Perber of bacteria centage
Date oboozing
of
inserved, 1920. plants
exam- from fection.
ined. cut sections.
212

46

21.7

...do

ISS

9

4.8

...do

I96

12

6.1

Mar. 30
...do

I4I
23I

24

7

17.0
3-0

...do
...do

I92
218

49
9

25-5
4.1

285
221

53

6

18.5
2.7

236

5

2. 1

Mar. 27

Apr.
...do
...do

3

a Seeds presoaked 6 hours, then treated with formalin i to 320 for 10 minutes, drained, covered 6 hours
and dried.
J> Seeds presoaked 6 hours, then treated with copper sulphate 1 to 80 for half hour (soaked), and dried after
dipping a moment in milk of lime.

A marked increase in blackchaff was observed in the untreated plots,
evidently due to wind and rain spreading the disease during the resumption of growth. The spreading effect was especially noted in the Abilene
plots where the treated area adjoins the untreated. Other treated areas
at Hays and Ames, more isolated, show from 2 to 4 per cent of infection,
as compared with 17 to 25.5 per cent in untreated plots.
Observations made at Hays and Abilene, Kans., in the latter part of
May, 1920, are summarized in Table XII. At Abilene the plants were
1 to 2 feet tall, at Hays over 2 feet high. Heads had not yet emerged.
Microscopic examination and confirmation of diagnoses by platings were
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made as previously indicated. Typical yellow colonies of the blackchaff
organism, concentrically striated by oblique light, were readily obtained
in poured plates from blackchaff leaf lesions, which at this stage appeared
characteristically as brown, water-soaked linear areas, narrow and extending for various lengths along the edges or centers of the second,
third, or fourth leaves from the top, with clouds of oozing bacteria in
cut sections. Septoria was also found in the oldest leaves, distinguished
by wider lesions and characteristic black dots of pycnidia.
TABLE

Locality and date.

XII.—Condition of experimental plots in May, IQ20

Plot.

{Kanred, untreated
Kanred, western area, presoak formalin
treated.
I Kanred, untreated
Hays, Kans., Kanred, presoak formalin treated
May 22, 1920. Kharkoff, untreated
Kharkoff, presoak formalin treated....

Abilene, Kans.,

May 15, 1920.

Number
with
Number
of
bacteria
plants
oo/.inp
examined from cut
sections.
312

386
293
356
266
298

87
26

Percentage of
fection.

27.8
6.7
33-4

33
72
22

9.2
27. o

7-3

There is an evident increase in the amount of secondary infection
during April and May. It was also observed that most of the lesions
on leaves from treated plots were small, 2 to 8 mm. long, consisting of
from 1 to 3 spots on the second or third leaf from the top, and were
evidently fairly recent infections. Leaves from control plots showed
similar lesions but also a larger proportion of more advanced lesions up
to 30 mm. long on the older leaves. No lesions were observed in the
young heads, which were still inclosed in the sheath.
EFFECT OF MODIFYING THE TREATMENT PERIODS UNDER FIELD CONDITIONS

A shortening of the entire treatment period appeared desirable after
field experience with the method so far described, mainly for the purpose
of facilitating drying after treatment. Three greenhouse germination
experiments were made with Currell wheat seed, using a shorter presoak
time and a longer (varying) soak in formalin 1 to 320, followed by very
short periods during which the seeds were kept moist, the entire process
covering various periods from 5^ to 8 hours as outlined in figure 7.
Formalin treatments involving a soaking longer than previously
used—that is, of 15 to 30 minutes—followed by immediate drying or involving a short moist period of 1 to 3 hours decreased the germination
considerably. The same treatments preceded by a 5-hour presoak (in one
case a 6-hour presoak) resulted in no injury whatever to germination
and in fact caused distinct acceleration. The effect of the various
periods upon germination was determined for infected wheat seed also.
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Currell wheat seed was inoculated with a bacterial suspension of Bacterium translucens var. undulosum, isolation No. 850, treated with formalin for the periods given in Table XIII, planted outdoors, and the percentage of infected seedlings determined 27 days after planting.
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Fro. 7.—Graph showing effect of formalin x to 320 treatments for various periods, vrith and without presoaking: A, control, untreated; B, seeds soaked in foimalin i to 320 for 15 minutes drained, covered a
hours, dried overnight, and planted; C, seeds soaked in water 10 minutes, covered s hours, then treated
with fonnalin as in B ; D , seeds soaked in formalin 1 to 320 for 15 minutes, drained, covered 3 hours, and
dried overnight; E, seeds soaked in water 10minutes, covered 5 hours, then treated with formalin as in
D; F\ seeds soaked in formalin 1 to 320 for 30 minutes, drained, covered 1 hour, and dried overnight; G,
seeds soaked in water 10 minutes, covered 5 hours, then treated with fonnalin as in F; H, seeds soaked
in formalin 1 to 320 for 30 minutes, drained, and dried overnight; I, seeds soaked in water 10 minutes,
covered 5 hours, then treated with formalin as in H; J, seeds soaked in water 10minutes, covered 6 hours,
then treated wit h formalin as in H. Records of germination were made on the sixth day after planting
and are the averages of three experiments.

»
TABLB

XIII.—Effect of shortened presoak method of treatment on infected wheat seed under
field conditions

Treatment.

Inoculated seeds dried and planted without further treatment
Inoculated seeds soaked in water 10 minutes, drained,
covered 5 hours, soaked in formalin 1:320 for 15 minutes,
covered 2 hours, dried, and planted
Inoculated seeds soaked in water 10 minutes, drained,
covered 5 hours, soaked in formalin 1:320 for 15 minutes,
covered 3 hours, dried, and planted
Inoculated seeds soaked in water 10 minutes, drained,
. covered 5 hours, soaked in formalin 1:320 for 30 minutes,
covered 1 hour, dried, and planted
Inoculated seeds soaked in water 10 minutes, drained,
coveted 5 hours, soaked in formalin 1:320 for 30 minutes,
dried, and planted
Inoculated seeds soaked in water 10 minutes, drained,
covered 6hours, soaked in formalin 1:320 for 30 minutes,
dried, and planted

Number
of plants
examined.

PercentNumber
age of
of plants infection
infected. after 27
days.

40

215

1.8

196

•5

231

211

246

386

Journal of Agricultural Research

vol. XIX.NO. s

The best control in this experiment was obtained with a presoak of 5
hours, followed by 30 minutes, formalin soak, then covering 1 hour.
Such a process, requiring 6K hours in all, would be particularly desirable
because of the ease in subsequently drying the seeds by spreading them
in the sun on the day of treatment,
Further field repetition of this
experiment, which was suspended at this time by the advent of winter,
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8.—Graph showing effect of formalin i to 320 and 1 to 200 on germination of corn, barley, and oats
with and without presoaking: A, controls ; B, seeds soaked in formalin 1 to 320 for 10 minutes, drained,
kept moist (covered) 6 hours, dried overnight, and planted; C, seeds soaked in water 10 minutes, drained,
and kept moist (covered) 6 hours, then soaked in formalin 1 to 320 for 10 minutes, drained, and kept moist
(covered) 6 hours, dried overnight, and planted; D and G, controls; E and H, seeds soaked in formalin
1 to 200for lominutes, drained, kept moist (covered) 4 hours, dried overnight, and planted; F, seeds soaked
in water 10 minutes, drained, kept moist (covered) 10 hours, then soaked in formalin 1 to 200 for 10
minutes, drained, kept moist (covered) 4 hours, dried overnight, and planted; I, seeds soaked in water
10 hours, drained thoroughly a few minutes, then soaked in formalin 1 to 200 for 10 minutes, drained,
kept moist (covered) 4 hours, dried overnight, and planted. Records of the germination were made
on the fifth and seventh days after planting in the greenhouse..

FIG.

is necessary, however, before definite recommendations on this modification can be made.
EFFECT OF THE PRESOAK METHOD ON OTHER CEREALS

The uniform results obtained on nine different varieties of wheat by
the presoak method of treatment with formalin and copper sulphate and
a consideration of the underlying principles governing its salutary action,
as will be discussed later, suggested that it might be generalized for the
treatment of all seed-transmitted diseases of economic importance amen-
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able to control by formalin and copper sulphate. So far, this method
has been tested on the germination of oats, barley, and maize with
results similar to those obtained for wheat. Copper-sulphate injury can
be prevented for Tennessee winter barley as shown above. The results
thus far obtained with the presoak method of treatment, using formalin
1 to 320 on oats and barley and formalin 1 to 200 on maize, are given
in figure 8. Oats and barley were soaked in water 10 minutes, drained,
and kept moist 6 hours, then soaked in formalin 1 to 320 for 10 minutes,
and covered 6 hours. Maize, which absorbs water much more slowly
than wheat, oats, or barley and is also less susceptible to formalin injury,
was given a 10-hour presoak—that is, 10 minutes in water, draining and
covering for 10 hours, followed by 4 hours' formalin 1 to 200 treatment.
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9.—Curve showing rate of absorption of water by dry wheat seeds.

In another case it was given a io-hour actual soaking in water, followed
by the treatment.
The presoak method is evidently applicable to these cereals also, as
a means of preventing'seed injury due to disinfectants (PI. 81, 82); and
the possibility of its application for other kinds of seeds is obvious.
GENERAL DISCUSSION
As a result of these experiments several facts stand out clearly. First,
in all cases, with each variety of wheat, barley, oats, and maize tested,
the presoak method minimized or eliminated the injury to seed germination due to the use of formalin and copper sulphate. Second, as shown
in the illustrations, a marked stimulation of growth was usually produced.
Third, the presoak method proved fully efficient as a means of destroying
or preventing the growth of the bacteria of the blackchaff disease borne
on the seed and can undoubtedly be applied for the prevention of other
diseases. Fourth, the method is simple and adapted to field conditions,
since any farmer can apply it.
The cause of the first-mentioned effect of the presoak treatment may
be partly accounted for upon an analysis of figure 9. This represents
the rate of absorption of water by 10 gm. each of dry seeds of two wheat
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varieties, soaked i o minutes in water, drained, and kept moist for 12
hours, with periodical weighings after blotting off all surface water each
time. The excess weight above 10 gm. represents the amount of water
absorbed. The curve rises rapidly in the first 3 hours, then slows down
somewhat to a more gradual rise. At the end of 6 hours, about 30 per
cent by weight of water has been absorbed; during the next 6 hours,
about 10 per cent more is absorbed. The 6 hours' presoaking, as practiced, consequently impregnates the cell walls and cells of the seed with
water, increasing the size and adding about 30 per cent by weight to the
seeds. The next 6 hours' treatment with water containing formalin in
solution adds only one-third as much more; and the formalin solution
as it diffuses into the seeds is consequently greatly diluted by
the amount of water already present in the tissues. Moreover, the
amount of formalin solution which can enter the tissues in the 6 hours
after presoaking is only one-third of what enters during a 6-hour formalin
treatment without presoaking. Should the subsequent formalin treatment last much longer than 6 hours, an equilibrium would finally be established between the strength of solution within the seeds and that on the
surface, resulting in both cases in a solution weaker than the original, in
accordance with the laws of diffusion of dissolved substances. Removing
the presoaked seeds after 6 hours* formalin treatment leaves them with a
solution content considerably more dilute than that finally present in
air-dry seeds directly treated with the full-strength solution; consequently the weakened solution within the presoaked seeds resulted in
a very marked decrease in seed injury, as observed throughout the
experiments.
As for the stimulation observed in presoaked seeds, this may be due
partly or wholly to the well-known stimulating effect of a toxic agent
in minimum dose, such as would finally be presentan the presoaked seeds.
In considering the effect of the presoak method on the blackchaff
bacteria on the seed coat, the dominant factor involved is the established
principle that microorganisms in an active vegetative condition are
more susceptible to the action of destructive agents than when dormant.
Presoaking the seeds, and consequently the bacteria on them, for a period
of six hours at room temperature causes the bacteria to begin to resume
vegetative activity before seed germination commences, because the
moisture and temperature conditions are ample for bacterial growth and
division to begin during this period. Subsequently exposed to the direct action of the formalin solution applied full strength to the surface
of the seeds, the bacteria are naturally much more susceptible to destruction in this active condition. As a result, the disinfectant must act
with greater efficiency than in the usual treatment, where it acts on
dried and dormant bacteria. The six hours' presoak, on the other hand,
is not sufficient to cause wheat-seed germination, which would produce
a condition extremely susceptible to formalin injury.
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The method of treatment discussed has, therefore, a two-fold advantage. On the one hand, wheat-seed injury due to the use of formalin and
copper sulphate is eliminated or reduced to a minimum. On the other
hand, the blackchaff organisms on the seed coats are rendered particularly sensitive to the action of the disinfectant by being previously
brought into a vegetative condition.
The same physiological principles discussed above should hold true
for the general problem of seed treatment for various seed-borne pathogens. The consistency of the results obtained "by this method with nine
varieties of wheat and with other cereals, using formalin and copper
sulphate, indicates the possibility of the use of the presoak method with
other kinds of seeds as a means of minimizing or preventing seed disinfectant injury. Similarly, other pathogenic organisms, bacteria, or
fungus spores, may be stimulated by the presoak method into increased
susceptibility to the disinfectant.
The presoak method of seed treatment with chemical disinfectants
may be formulated for general purposes as consisting of two parts:
First, the presoak period, in which seeds are soaked in water for 10 minutes, drained, and kept covered and moist for a definite period of time,
which is 6 hours for wheat, barley, and oats and 10 to 18 hours for maize—
in no case sufficient to begin seed germination; second, the disinfectanttreatment period immediately following, in which the disinfectant is
applied exactly as now practiced. The relative time of the presoak and
subsequent treatment for other diseases, probably varying with each
kind of seed and pathogen, is dependent on the following factors:
(1) Susceptibility of the kind of seed used to the disinfectant.
(2) Susceptibility of the pathogen to the disinfectant.
(3) Rate of absorption of water by the seeds.
(4) Time at which seed germination begins.
(5) Time at which vegetative activity of the pathogen begins.
A proper balance of these factors must be obtained, such that the
optimum seed germination and the optimum germicidal efficiency are
secured, as reported for the blackchaff disease of wheat.
The length of the presoak period should not exceed half or two-thirds
of the period necessary for seed germination to begin, since germination
before treatment with the disinfectant would result in extreme sensitiveness to injury. On the other hand, the pathogen/especially if bacterial in nature, usually has a much shorter germination period, which
should come within the limit of the time of presoak and thus render it
susceptible long before the seed has begun to germinate. The period
necessary for the absorption of about 30 per cent by weight of water
appears to be sufficient, and in the case of the cereals so far tried seems
to counteract disinfectant injury. In wheat, oats, and barley this is five
to six hours. The length of time necessary for other kinds of seeds to
absorb about 30 per cent of water is suggested as the presoak period
when not conflicting with the other factors involved.
177286°—20
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Actual soaking in water throughout the presoak period does not appear
to be so favorable for wheat-seed treatment as the procedure of soaking
i o minutes in water and merely keeping moist for 6 hours.
For use in farm practice this method does not involve any radical
change in present procedure other than to keep the seeds moist for a
definite time before treating. In controlling the blackchafï disease of
wheat, seeds should first be screened to remove shriveled grain. Then
the seeds in sacks or bags, in quantities of not more than X bushel each,
can be soaked early in the morning in water for 10 minutes, drained,
and set away in the bags while moist. Six hours later, at about noon,
the seeds should be thoroughly soaked for 10 minutes in a formalin
solution of i pound to 40 or 50 gallons of water, drained, and left in the
bags for 6 hours. In the evening the seeds should be spread out to dry
overnight and are ready for planting the next morning.
The use of formaldehyde vapor recently proposed by Thomas (10) for
seed treatment, while eminently suitable for the disinfection of small
seed lots which are not to be planted immediately, is open to the serious
objection of lack of penetration throughout the seed mass and is not so
well adapted as the presoak method for the treatment of seeds in large
masses in farm practice. His experiments indicate that the vapor,
while efficient on surface seeds, does not reach seeds at a depth of K inch,
so that these remain as badly contaminated as untreated controls. In
the presoak method, every seed is surrounded by a film of the disinfectant
acting on the pathogens which previously have been brought into a Vegetative condition by the long exposure to moisture at room temperature.
The presoak method used with copper sulphate, if efficient for controlling the cereal smuts,1 would be particularly adapted for the grain
sections of the Northwest. Extensive soil infection in this area renders
the use of copper sulphate preferable to formalin because of its residual
germicidal effect; and, as here shown, copper-sulphate injury may be
prevented by a 6-hour presoak.
The general application of the presoak method, extremely simple in
itself, to the formalin and copper-sulphate treatments of the cereal
diseases amenable to control by seed disinfection should, if the results
here recorded are confirmed for other diseases by subsequent careful
1
A paper by Heald (2), first brought to the writer's attention in Nov. 14, 1919, when these experiments
were completed and the manuscript was prepared for the press, shows some interesting data on a somewhat
similar method used for treatment of barley smut. Heald soaked barley seeds in water 4 hours, covered
them 8 hours longer, then treated them with formalin 1 to 288 for 10 minutes and then kept them covered
2 hours. No statement as to the manner of arriving at the use of this procedure is made. His figures indicate for this treatment (1) less injury to germination than for any other formalin treatment which he used,
(2) effective control of barley smut—0.93 per cent smut in a plot treated in this manner and 0.73 per cent
in a somewhat similarly treated copper-sulphate plot compared'to an average of 3302 per cent smut in
three untreated plats. This corroborates for barley smut the work reported on blackchafï with the presoak
method. Heald does not appear to have followed up his work, which was clearly a rule of thumb, nor did
he recommend this particular method for general use with other methods. He made no allowance lor loss
in number of seeds per bushel through swelling, otherwise he must have obtained results which would
have indicated to him clearly the importance of the method, since he must then have obtained larger yields
than by any other method which he used. Moreover, my method differs from Heald's in that it gives
only a short plunge in water rather than a long one, and this is an important difference.
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research, result in a saving of a large percentage of seeds destroyed by
the usual treatments or delayed in germination and thus longer exposed
to the attack of soil fungi, giving at the same time a more efficient germicidal action on the pathogens involved.
SUMMARY
(1) The use of formalin and copper sulphate as now practiced usually
causes retardation and injury to seed germination.
(2) Greenhouse and field experiments here reported have shown that
this detrimental effect can be eliminated for standard varieties of wheat
by allowing the seeds to absorb water for six hours before submitting
them to the treatment with formalin or copper sulphate. Soaking for a
short period (10 minutes) and covering for 6 hours, here designated the
presoak method, is better than leaving in water for 6 hours. Similar
results were obtained in experiments with barley, oats, and com.
(3) The saturation of the seed cells and cell walls with water during
the presoak period appears to be the factor counteracting the injurious
effect on seed germination by diluting the disinfectant beyond the point
of injury as it diffuses into the tissues and also by considerably decreasing the amount of water plus disinfectant solution which may enter the
tissues after presoaking as compared to what may enter without any
presoaking.
(4) Actual stimulation of germination has been observed repeatedly in
presoak-treated seeds, a factor which by shortening germination minimizes the danger of exposure to the attack of soil organisms during this
susceptible period.
(5) The bacterial blackchaff disease of wheat can be controlled without any injury to seed germination by a 6-hour presoak of surfaceinfected seeds in water followed by a 6-hour treatment with formalin 1
to 400 in the manner prescribed.
(6) In practice, wheat seeds after being screened should be soaked
with water for 10 minutes at about 6 o'clock in the morning, drained,
covered, and set away moist till noon, then soaked with formalin 1 to
400 for 10 minutes, drained, covered, and set away moist till 6 o'clock in
the evening, when they should be spread out to dry overnight to be
ready for planting the next day.
(7) In planting, an allowance must always be made for the fact that
there are fewer treated seeds in a bushel than there are of dry untreated
ones. In general, it is recommended to sow about 25 per cent more bulk
than is usual of the dry grain, otherwise fewer seeds will be actually
planted and the yield will be reduced correspondingly.
(8) The use of the presoak method tends to increase the efficiency of
the disinfectant, in that the presoaking stimulates dormant bacteria and
possibly fungi into vegetative activity, thereby rendering them extremely
susceptible to the subsequent action of the disinfectant.
(9) The general use of the presoak method of treatment in farm
practice for other diseases involves no radical change in present procedure,
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the only deviation being to keep the seeds moist for a definite period
before giving them the disinfectant treatment.
(10) In applying the principles here utilized to other kinds of seeds,
the determination of the lengths of the two parts of this method—(i) the
presoak period, (2) the subsequent disinfectant treatment period—must
be governed by the following factors : (a) the rate of absorption of water
by the seeds, (b) the susceptibility of the seeds and pathogens to the
disinfectant, and (c) the respective periods necessary for the beginning
of seed germination and of vegetative activity of the pathogen. In no
case must the presoak period be continued until seed germination begins.
The length of time necessary for the seeds to absorb about 30 per cent of
their weight of water is suggested as the length of the presoak period
when not conflicting with the other factors involved.
(11) The presoak method of treatment, as here formulated, is proposed as a basis for the reinvestigation of practical seed treatment for
all seed-transmitted diseases of economic importance amenable to control
by formalin and copper sulphate as a means of eliminating seed injury
and at the same time increasing germicidal efficiency.
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PLATE 69
Relative injury to wfeeat-seed germination caused by short and long formalin treatments:
A.—Effect of formalin 1 to 400 and 1 to 200 treatment for 3, 6, and 12 hours on Chinft
variety :
Row 1, formalin 1 to 400 for 3 hours, 56 per cent germination;
Row 2, formalin 1 to 400 for 6 hours, 53 per cent germination;
Row 3, formalin 1 to 400 for 12 hours, 74 per cent germination;
Row 4, control, 78 per cent germination;
Row 5, formalin 1 to 200 for 3 hours, 39 per cent germination;
Row 6, formalin 1 to 200 for 6 hours, 37 per cent germination;
Row 7, formalin 1 to 200 for 12 hours, 57 per cent germination.
B.—Effect of formalin 1 to 400 and 1 to 200 treatment for 3, 6, and 12 hours on Turkey
variety :
Row 1, formalin 1 to 400 for 3 hours, 42 per cent germination;
Row 2, formalin 1 to 400 for 6 hours, 48 per cent germination;
Row 3, formalin 1 to 400 for 12 hours, 50 per cent germination;
Row 4, control, 56 per cent germination;
Row 5, formalin 1 to 200 for 3 hours, 23 per cent germination;
Row 6, formalin 1 to 200 for 6 hours, 17 per cent germination;
Row 7, formalin 1 to 200 for 12 hours, 34 per cent germination.
Note increased vigor and germination of 12-hour treated seeds compared with 3-hour
or 6-hour treated seeds.
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PLATE 70
Effect of formalin 1 to 400 treatment for 6 hours, with and without 6-hour presoak:
1. Fultz wheat: A, control, 76 per cent germination; B, seeds presoaked 6 hours,
then formalin 1 to 400 for 6 hours, 79 per cent germination; C, seeds treated with formalin 1 to 400 for 6 hours, not presoaked, 57 per cent germination, plants dwarfed.
2. Poole wheat: A, control, 90 per cent germination; B, seeds presoaked 6 hours,
then formalin 1 to 400 for 6 hours, 89 per cent germination; C, seeds treated with formalin 1 to 400 for 6 hours not presoaked, 67 per cent germination, plants dwarfed.

PLATE 71
Effect of formalin 1 to 400 treatment for 6 hours, with and without 6-hour prcsoak:
1. Fulcaster wheat: A, control, 71 per cent germination; B, seeds presoaked 6 hours,
then formalin 1 to 400 for 6 hours, 83 per cent germination; C, seeds treated with formalin 1 to 400 for 6 hours, not presoaked, 54 per cent germination, plants dwarfed.
2. Turkey wheat: A, control, 61 per cent germination; B, seeds presoaked 6 hours
then formalin 1 to 400 for 6 hours, 68 per cent germination; C, seeds treated with formalin 1 to 400 for 6 hours without presoaking, 50 per cent germination, plants dwarfed.
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PLATE 72
Stimulating effect of the presoak method of treatment with formalin 1 to 400. (Repetition of experiments shown in PI. 70, 71):
1. Fulcaster wheat: A, C, seeds presoaked 6 hours, then formalin 1 to 400 for 6
hours, 84 per cent germination, plants stimulated; B, control, 87 per cent germination.
2. Turkey wheat: A, C, seeds presoaked 6 hours, then formalin 1 to 400 for 6 hours,
64 per cent germination; B, control, 67 per cent germination. Note stimulation in
presoak-treated plants.
3. Poole wheat: A, C, seeds presoaked 6 hours, then formalin 1 to 400 for 6 hours,
88 per cent germination; B, control, 94 per cent germination. Note increased vigor
and stimulation in presoak-treated plants.

PLATK 73
Effect of formalin i to 200 treatment for 6 hours, with and without 6-hour presoak:
1. Fultz wheat: A, seeds treated with formalin 1 to 200 for 6 hours without presoak,
43 per cent germination; B, control, 86 per cent germination; C, seeds presoaked 6
hours, then formalin 1 to 200 for 6 hours, 70 per cent germination.
2. Poole wheat: A, seeds treated with formalin 1 to 200 for 6 hours without presoak,
46 per cent germination; B, control, 81 per cent germination; C, seeds presoaked 6
hours, then formalin 1 to 200 for 6 hours, 71 per cent germination. Note stimulation
in presoak-treated plants.
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PLATE 74
Effect of formalin i to 320 treatment for 6 hours, with and without 6-hour presoak:
1. Fife wheat: A, control, 79 per cent germination; B, seeds treated with formalin
1 to 320 for 6 hours, 53 per cent germination; C, seeds presoaked 6 hours, then formalin 1 to 320 for 6 hours, 82 per cent germination.
2. Poole wheat: A, control, 88 per cent germination; B, seeds treated with formalin 1 to 320 for 6 hours, 70 per cent germination; C, seeds presoaked 6 hours, then formalin 1 to 320 for 6 hours, 86 per cent germination.

PLATE 75
i. Fife wheat: A, B, control, 83 per cent germination; C, D, seeds treated with
formalin 1 to 320 for 3 hours, 62 per cent germination; E, F, seeds presoaked 6 hours,
then formalin 1 to 320 for 6 hours, 90 per cent germination.
2. Poole wheat: A, B, control, 85 per cent germination; C, D, seeds treated with
formalin 1 to 320 for 6 hours, 55 per cent germination; E, F, seeds presoaked 6 hours,
then formalin 1 to 320 for 6 hours, 88 per cent germination.
3. Effect of soaking in water throughout presoak period, compared with procedure
of keeping moist 6 hours: A, B, Fife wheat; C, D, Poole wheat; A, C, seeds soaked
in water 5 hours, then treated with formalin 1 to 320 for 7 hours; B, D, seeds soaked
in water 10 minutes, drained, and kept moist 6 hours, then treated with formalin 1 to
320 for 6 hours. Note the greater stimulation in B and D.
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PLATE 76
Effect of formalin and copper sulphate on wheat and of copper sulphate on barley,
with and without presoaking :
1. Marquis wheat: A, B, control, 76 per cent germination; C, D, se«ds treated with
formalin 1 to 320 for 6 hours, 57 per cent germination; E, F, seeds presoaked 6 hours,
then formalin 1 to 320 for 6 hours, 77 per cent germination.
2. Marquis wheat: A, B, control, 84 per cent germination; C, D, seeds treated with
copper sulphate 1 to 80 for y2 hour, and limed, 65 percent germination; E, F, seeds
presoaked 6 hours, then copper sulphate 1 to 80 for yi hour, and limed, 79 per cent
germination.
3. Tennessee winter barley: A, B, control, 89 per cent germination; C, D, seeds
treated with copper sulphate 1 to 80 for yi hour, and limed, 72 per cent germination;
E, F, seeds presoaked 6 hours, then copper sulphate 1 to 80 for y^ hour, and limed,
83 per cent germination.

PLATE 77
Effect of presoak method used with copper-sulphate treatment of wheat:
i. Fulcaster wheat: A, B, control, 81 per cent-germination; C, D, seeds treated
with copper sulphate i to 80 for % hour, and limed, 57 per cent germination; E, F,
seeds presoaked 8 hours, then copper sulphate 1 to 80 for yi hour, and limed, 82 per
cent germination.
2. Fife wheat: A, B, control, 79 per cent germination; C, D, seeds treated with
copper sulphate 1 to 80 for % hour, and limed, 52 per cent germination; E, F, seeds
presoaked 8 hours, then copper sulphate 1 to 80 for yi hour, and limed, 81 per cent
germination.
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PLATE 78
Effect of presoak method used with formalin 1 to 320 on wheat under field conditions:
1. Poole; 2. China; 3. Bluestem; 4. Fulcaster; 5. Marquis; 6. Fife.
A.—Eight hundred seeds in four rows, soaked in water 10 minutes, kept moist
6 hours, soaked in formalin 10 minutes, kept moist 6 hours, dried overnight.
B.—Eight hundred seeds in four rows, soaked in formalin 1 to 320 for 10 minutes,
kept moist 6 hours, dried overnight.
C.—Eight hundred seeds in four rows, control.

PLATE 79
Effect of presoak method used with formalin i to 400 on blackchaiT bacteria:
A.—Controls, dry-heat sterilized wheat seeds inoculated with blackchaiT isolation
No. 377 from South Dakota, dried, and planted on agar without further treatment.
B.—Sterilized wheat seeds inoculated ivith isolation No. 377, dried overnight, then
soaked in sterile tap water 10 minutes and kept moist 6 hours, then soaked in formalin 1 to 400 for 10 minutes and kept moist 6 hours, dried, and planted.
Note bacterial growth around untreated seeds and absence of growth in presoaked
formalin-treated seeds. Two Petri dishes photographed out of a set of 120 dishes in
experiment III on tenth day.
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PLATE 80
Effect of presoak method used with formalin i.to 400 on blackchaff bacteria:
A.—Controls» dry-heat sterilized wheat seeds inoculated .with blackchaff isolation
No. 373 from North Dakota, dried, and planted on agar without further treatment.
B.—Sterilized wheat seeds inoculated with isolation No. 373, dried overnight, then
soaked in sterile tap water 10 minutes, kept moist 6 hours, then soaked in formalin
1 to 400 for 10 minutes, drained, kept moist 6 hours, dried, and planted.
Note bacterial growth around untreated seeds and absence of growth in presoaked
formalin-treated seeds. Two Petri dishes photographed out of a'set of 120 dishes in
experiment III on tenth day.
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PLAfE 8i
Effect ôf priesoak riiëthod ort barley and oats :
t. Chövaliier bariëy: A, coíltrol, 92 per cent geftninatiort ; È» seeds treated with
fotlüáliii t to $úo for 6 hours, 58 per eeñt gertíiiñátióñ ; G, sééds ptesóakéd 6 hours, then
förtnäliit t tb 32o for 6 hours, 91 pèr cèiit gerfüittaüöii.
¡2. Bitrt bats: À, èbtttrol, 94 per cöht germination; B, seodá treated \vitil formalin
1 to 320 for 6 hours, 66 per ceiit gerhiinàtioli ; C, seeds presoaked 6 hours, then treated
'^rith fbrinälm 1 to 330 for 6 hours, 94 per eeftt germtnátioii.
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PLATE 82
Effect of presoak method used on barley, oats, and com:
1. Chevalier barley: A, B, control, 92 per cent germination; C, D, seeds treated
with formalin 1 to 320 for 10 minutes, then kept moist (covered) 6 hours, 62 per cent
germination; E, F, seeds presoaked 6 houfs, then formalin 1 to 320 for 6 hours, 92 per
cent germination. Pliotogfaphed on seventh day.
2. Burt oats: A, B, control, 96 per cent germination; C, D, seeds treated with formalin 1 to 320 for 6 hours, 71 per cent gennination; E, F, seeds presoaked 6 hours,
then formalin 1 to 320 for 6 hours, 93 per cent germination. Photographed on seventh
day.
3. Bantam Evergreen com: A, B, control, 94 per celit germination; C, D, seeds
treated with formalin 1 to 200 for 4 hours, 90 per cent germination; E, F, seeds actually soaked in water 10 hours, then treated with formalin 1 to 200 for 4 hours, 92 per
cent germination. Count taken on twelfth day, photographed on sixteenth day.
The presoaked seeds are stimulated.
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