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THE treatment of various seeds with fungicides for the prevention of plant
diseases is becoming more common as our knowledge of the life history
of the numerous injurious parasitic fungi becomes more extended. It is
clear that in those cases where chemicals are used to destroy fungous spores
attached to the seed, the latter should pass through the treatment with as
little loss of germinating power as possible. It is the object of the experi-
ments detailed in the present bulletin to determine the effect upon the ger-
minating power of seeds produced by treatment with such chemicals as are
likely to be used as fungicides. The treatment usually employed, adopted
here as reported in the following pages, is that of soaking the seed for
a definite period in a solution of some chemical of known strength. I t  i s

obvious that seeds with thick seed coats would resist the action of a solu-
tion by virtue of the protective coating. Since it was the purpose to show
the effect of the chemicals upon the vital processes in the seed rather than
the resistance of the seed coat, such seeds were chosen as would readily ab-
sorb the chemicals. A comparison of the seeds of corn, wheat, pumpkin,
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lettuce, mustard, alfalfa, tomato and castor bean showed that the effect was
practically the same on all, such differences as there were being due to the
differences in resisting powers of the seed coats; consequently, corn was
chosen for the series of experiments detailed, as it answers better than the
others to the necessary requirements. The seeds are large enough to be con-
veniently handled, they absorb liquids readily, and the germinating power
is quite constant, being usually 100 per cent.

The corn used was of the ordinary dent variety grown upon the College
farm. A certain number of perfect grains were counted out and placed in
the solution of the chemical to be tested. After remaining for the required
length of time, they were rinsed with water and planted in moist sand in
zinc germinating pans, being covered with glass to prevent he ravages of
mice. With every experiment, an equal number of grains were soaked in
water for the same length of time, and planted alongside the others as a
check. Enough liquid was always taken to entirely cover the seeds after
swelling, and the vessels were kept covered to prevent the concentration of
the solution by evaporation. The chemicals were mostly chemically pure,
but in no case was there sufficient impurity to interfere with the result.
The strength of the solution was based upon the crystallized substance where
that is the usual condition; that is, 10 per cent. copper sulphate means 10
parts, by weight, of the crystallized material dissolved in 90 parts, by weight,
of water.

The record of germination was kept by noting each morning those plants
which appeared above the surface of the sand, the grains having been
planted about one-half inch deep.

In the following table, the headings of the columns will explain them-
selves. In the fifth column is given the date on which the grains soaked in
water appeared. In cases where all the grains did not germinate at the
same time, two dates are given, one for the appearance of the first plants,
and the other for the last. In column four, the number before the dash de-
notes the month, and that after the dash the day of the month. In all the
succeeding columns, the number before the dash indicates the day of the
month, and that after the dash the whole number of grains which had ger-
minated up to that date.

In a few cases, the number of grains used in the trial is other than 20.
In the trial with aluminum sulphate and zinc chloride, 10 per cent. for 24
hours, the number was 10. In a trial made March 7, with several chem-
icals, the number of grains soaked in water was 50, and the number soaked
in the chemicals was 25. As indicated by the dots, the check in water was
omitted in a few cases.

The potassium and sodium sulphides, being the commercial articles, are
of variable composition. The copper acetate was made by treating 10
grams of the crystals with 90 grams of water, and using the soluble por-
tion full strength (a), and half strength (b) .
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The following is an analysis of the above table, the chemicals being
grouped as the results seem to justify. It will be observed that the vitality
of the seed steadily diminishes from spring until fall, from which cause they
are less able to resist the action of the chemicals during the latter period.
For this reason there is occasionally apparently less germination with a
solution of a certain strength than with one of greater strength. B u t  i n
nearly all cases it will be seen that the weaker solution was used later in the
season.

GROUP I.—GERMINATION ENTIRELY PREVENTED.

Acetic acid, 5 per cent., 24 hours.

Alcohol, methyl, 10 per cent., 24 hours.

Ammonium carbonate, 10 per cent. ,  24 hours.

Ammonium hydrate, 10 per cent. ,  24 hours.

Ammonium sulphocyanide, 10 per cent., 24 hours.

Ammonium ferrous sulphate, 10 per cent., 48 hours.
Arsenous oxide, 1/5 p e r cent., 5, 8 and 16 hours;  2/5 per cent., 5 and 8 hours; 1 per cent.,

3, 5 and 8 hours; 2 per cent., 1, 3, 5, 8 and 24 hours.

Boric acid, 4 per cent., 24 hours; 2 per cent., 96 hours.

Cadmium bromide, 1/20s, 24 hours;  ¼s, 24  hours;  ½s, 24 hours; s, 24 hours.

Cadmium sulphate, 5 per cent.,  96 hours.

Copper acetate, half strength, 24 hours; full strength, 24 hours.

Mercuric chloride, 1/10 per cent.,  24 hours;  ½ per cent., 24 hours; 1 per cent., 24 hours,

3 per cent., 1, 3, 5 and 8 hours; 6 per cent., 1, 3, 5 and 8 hours.

Nitric acid, 5 per cent.,  24 hours.

Nickel chloride,  10 per cent.,  24 hours.

Picric acid, saturated solution, 24 hours.

Potassium cyanide, 5 per cent., 24 hours; 10 per cent., 24 hours.
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Potassium hydrate,  5 per cent. ,  8 and 16 hours; 10 per cent. ,  1,  3,  5 and 8 hours; 20

per cent., 1, 3, 5 and 8 hours.

Potassium nitrate, 10 per cent., 96 hours.

Potassium sulphocyanide, 10 per cent., 24 hours.

Sod ium a r s en i a t e ,  5  p e r  c en t . ,  8 ,  1 6  an d  2 4  h o u r s ;  2½  pe r  c en t . ,  24  hou r s ;  10  pe r

cent., 5, 8 and 24 hours; 20 per cent., 5 and 8 hours.

Sodium borate, 6 per cent., 48 hours.

Sodium bicarbonate, 10 per cent., 48 hours.

Sodium hydrate,  1 per cent. ,  16 and 24 hours;  2½ per cent. ,  24 hours;  5 per cent. ,  3,

5,  9,  16 and 24 hours; 10 per cent. ,  1,  3,  5 and 9 hours; 20 per cent. ,  1,  3 and 5

hours .

Sodium ammonium phosphate, 10 per cent. ,  24 hours.

Sulphuric acid, 2½ per cent., 24 hours.

G R O U P  I I . — GE R M I N A T I O N  L E S S  T H A N  5 0  PE R  C E N T.

Aluminum sulphate, 10 per cent., 72 hours.

Ammonium chloride, 5 per cent., 48 hours; 10 per cent., 48 and 72 hours.

Ammonium nitrate, 10 per cent., 24 and 48 hours.

Ammonium oxalate,  10 per cent. ,  24 hours.

Ammonium sulphocyanide, 5 per cent. ,  24 hours.

Arsenous oxide, 1/5 per cent., 1 and 3 hours; 2/5 per cent., 3 hours; 1 per cent., 1 hour;

2 per cent., 5 hours.

Barium chloride, 5 per cent., 72 hours.

Cadmium bromide, ¼s, 16 hours; ½s, 16 hours; s, 8 and 16 hours.

Cadmium sulphate, 10 per cent., 24 hours.

Chromium potassium sulphate,  10 per cent. ,  96 hours.

Cobalt nitrate, 10 per cent., 48 hours.

Copper chloride, 5 per cent., 48 hours; 10 per cent., 48 hours.

Copper sulphate, 5 per cent., 48 hours; 10 per cent., 72 hours.

Lead acetate, 10 per cent., 72 hours.

Manganese sulphate,  10 per cent,  72 hours.

Mercuric chloride, 1/10 per cent., 16 hours; 1 per cent., 3, 5 and 8 hours.

Nickel sulphate, 5 per cent., 48 hours; 10 per cent., 48 hours.

Phosphoric acid, 5 per cent., 96 hours; 10 per cent., 48 hours.

Potassium acetate, 5 per cent., 72 hours; 10 per cent., 96 hours.

Potassium bromide, 10 per cent., 48 hours.

Potassium chlorate,  10 per cent. ,  24 hours.

Potassium chromate, 10 per cent., 24 hours.

Potassium cyanide, 1 per cent. ,  5,  8,  16 and 24 hours; 5 per cent. ,  16 hours; 10 per

cent., 5 and 8 hours; 20 per cent., 5 and 8 hours.

Potassium ferrocyanide, 10 per cent. ,  24 hours.

Potassium hydrate, 1 per cent., 24 hours; 5 per cent., 1, 3 and 5 hours.

Potassium iodide, 5 per cent., 48 hours.

Potassium nitrate,  5 per cent. ,  72 hours;  10 per cent. ,  72 hours.

P o t a s s i u m  n i t r i t e ,  2 ½  p e r  c e n t . ,  2 4  h o u r s ;  5  p e r  c e n t . ,  2 4  h o u r s ;  1 0  p e r  c e n t . ,  2 4

h o u r s .

Potassium oxalate, 2½ per cent., 24 hours.

Potassium permanganate, 10 per cent. ,  24 hours.

Potassium bitartrate, 2/5 per cent, 72 hours.

Sodium arseniate, ½ per cent., 5, 8, 16 and 24 hours; 1 per cent., 5, 8, 16 and 24 hours;

5 per cent., 3 and 5 hours; 10 per cent., 1 and 3 hours; 20 per cent., 1 and 3 hours.
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Sodium arsenite,  ½ per cent. ,  24 hours;  1 per cent. ,  16 and 24 hours;  2½ per cent. ,  24

hours; 5 per cent., 8, 16 and 24 hours; 10 per cent., 1, 3, 5, 8 and 24 hours; 20 per

cent., 1, 3, 5 and 8 hours.

Sodium acetate, 10 per cent., 96 hours.

Sodium borate, 3 per cent., 24 hours.

Sodium hydrate, ½ per cent., 16 and 24 hours; 1 per cent., 9 hours.

Sodium nitrate,  10 per cent. ,  48 hours.

Sodium silicate, 5 per cent., 24 hours.

Sodium thiosulphate,  10 per cent.,  96 hours.

Zinc sulphate, 10 per cent., 48 hours.

G R O U P  I I I . — GE R M I N A T I O N  F R O M  50  T O  80 PE R  C E N T.

Alcohol, common, 5 per cent., 48 hours.

Aluminum sulphate, 5 per cent., 72 hours.

Ammonium aluminum sulphate, 10 per cent., 48 hours.

Arsenous oxide, 2/5 per cent., 1 hour.

Barium chloride, 10 per cent., 72 hours.

Cadmium bromide, 1/20s, 16 hours; 1/2s, 8 hours; s, 3 hours.

Calcium hydrate, 1 per cent. ,  48 hours.

Cobalt nitrate, 5 per cent., 24 hours.

Copper nitrate,  10 per cent. ,  48 hours.

Copper sulphate, 10 per cent., 24 and 48 hours.

Ferric chloride, 10 per cent., 72 hours.

Hydrochloric acid, 5 per cent., 24 hours.

Lead nitrate, 10 per cent., 72 hours.

Mercuric chloride, 1/20 per cent., 24 hours.

Phosphoric acid, 10 per cent., 24 hours.

Potassium acetate,  10 per cent. ,  72 hours.

Potassium chlorate, 5 per cent., 24 hours.

Potassium chloride, 5 per cent., 24 hours; 10 per cent., 24 hours.

Potassium chromate, 2½ per cent., 24 hours; 5 per cent., 24 hours.

Potassium cyanide, ½ per cent. ,  3,  5,  8,  16 and 24 hours; 1 per cent. ,  3 hours; 5 per

cent., 5 and 8 hours; 10 per cent., 3 hours; 20 per cent., 1 and 3 hours.

Potassium ferricyanide, 5 per cent. ,  24 hours.

Potassium nitrate, 5 per cent., 48 hours.

Potassium permanganate, 5 per cent. ,  24 hours.

Potassium sulphocyanide, 2½ per cent., 24 hours; 5 per cent., 24 hours.

Potassium antimonyl tartrate,  7 per cent,  48 hours.

Sodium arseniate,  ½ per cent. ,  1 and 3 hours;  1 per cent. ,  1 and 3 hours;  5 per cent. ,
1 hour.

Sodium arsenite, ½ per cent., 16 hours; 5 per cent., 1, 3 and 5 hours.

Sodium acetate, 10 per cent., 72 hours.

Sodium borate, 3/5 per cent., 24 hours.

Sodium carbonate, 5 per cent., 24 and 48 hours; 10 per cent., 24 hours.

Sodium chloride, 5 per cent. ,  48 hours.

Sodium hydrate,  1 per cent. ,  5 hours; 5 per cent. ,  1 hour.

Sodium nitrate, 5 per cent., 24 hours; 10 per cent., 24 hours.

Sodium ammonium phosphate, 5 per cent. ,  24 hours.

Sodium sulphide, 10 per cent., 24 hours.

Sodium sulphite, 10 per cent., 72 hours.

Strontium nitrate, 10 per cent., 72 hours.

Sulphuric acid, 5 per cent., 24 hours; 10 per cent., 24 hours.
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Zinc chloride, 10 per cent., 24 hours.

Zinc sulphate, 10 per cent., 72 hours.

G R O U P  I V . — GE R M I N A T I O N  F R O M  80  T O  100 PE R  C E N T., B U T  R E T A R D E D.

Alcohol, common, 10 per cent., 24 hours.

Aluminum sulphate, 10 per cent., 24 and 48 hours.

Aluminum ammonium sulphate,  10 per cent. ,  24 hours.

Aluminum potassium sulphate, 10 per cent., 72 and 96 hours.

Ammonium ferrous sulphate,  10 per cent. ,  24 hours.

Boric acid, 2 per cent., 24 hours.

Cadmium bromide, 1/4s, 3 and 8 hours; 1/2s, 3 hours.

Cadmium sulphate, 5 per cent., 24 hours.

Calcium chloride, 10 per cent., 24, 48 and 72 hours.

Calcium hydrate, 1/5 per cent.,  48 and 72 hours.

Chromium potassium sulphate, 10 per cent., 72 hours.

Cobalt  nitrate,  10 per cent. ,  24 hours.

Copper chloride, 10 per cent., 24 hours.

Copper nitrate, 10 per cent., 24 hours.

Ferric chloride, 10 per cent., 24 and 48 hours.

Ferrous sulphate, 10 per cent., 24, 48 and 72 hours.

Ferric potassium sulphate, 10 per cent., 24 and 48 hours.

Lead acetate, 10 per cent., 24 and 48 hours.

Lead nitrate, 10 per cent., 24 and 48 hours.

Magnesium chloride, 10 per cent., 24, 48 and 96 hours.

Magnesium sulphate, 10 per cent., 48 and 96 hours.

Mercuric chloride, 1/10 per cent., 1, 3, 5, 8 and 72 hours; 1 per cent., 1 hour.

Nitric acid, 2 per cent., 24 hours.

Nickel chloride, 5 per cent., 24 hours.

Nickel sulphate, 10 per cent., 24 hours.

Potassium bromide, 10 per cent., 24 hours.

Potassium bichromate, 5 per cent., 24 hours; 10 per cent., 24 hours.

Potassium chloride, 2½ per cent., 24 hours.

Po t a s s ium cyan ide ,  1  pe r  c en t . ,  1  hou r ;  5  pe r  c en t . ,  1  and  3  hou r s ;  10  pe r  c en t ,  1

h o u r .

Potassium hydrate,  ½ per cent. ,  1,  3,  5,  8,  16 and 24 hours; 1 per cent. ,  1,  3,  5,  8 and

16 hours.

Potassium iodide, 10 per cent., 24 hours.

Potassium oxalate, 5 per cent., 24 hours; 10 per cent., 24 hours.

Po ta s s ium t a r t r a t e ,  5  pe r  cen t . , 24 hours; 10 per cent., 24, 48 and 72 hours.

Potassium bitartrate, 2/5 per cent., 24 and 48 hours.

Potassium antimonyl tartrate, 3½ per cent., 48 hours; 7 per cent., 48 hours.

Sodium arsenite, ½ per cent., 1, 3, 5 and 8 hours; 1 per cent., 1, 3, 5 and 8 hours.

Sodium borate, 10 per cent., 24 hours.

Sodium bicarbonate, 5 per cent., 24 hours; 10 per cent., 24 hours.

Sodium chloride, 5 per cent., 24 hours; 10 per cent., 24 hours.

Sodium hydrate, 1/5 per cent., 24 hours; ½ per cent., 1, 3, 5 and 9 hours; 1 per cent., 1
hour.

Sodium phosphate, 10 per cent., 24, 48, 72 and 96 hours.

Sodium sulphate, 10 per cent., 72 and 96 hours.

Sodium sulphite, 5 per cent., 24 hours; 10 per cent., 48 hours.

Sodium thiosulphate,  5 per cent. , 24 hours; 10 per cent. ,  24 and 48 hours.

Strontium nitrate, 10 per cent., 24 and 48 hours.
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Zinc chloride, 5 per cent., 48 hours.

Zinc sulphate, 10 per cent., 24 and 48 hours.

G R O U P  V . — GE R M I N A T I O N  S C A R C E L Y  A F F E C T E D.

Alcohol, methyl, 5 per cent., 24 hours.

Aluminum potassium sulphate,  10 per cent. ,  24 and 48 hours.

Barium chloride, 10 per cent., 24 and 48 hours.

Cadmium bromide, 1/20s, 3 and 8 hours.

Calcium hydrate, 1/5 per cent., 24 hours.

Chromium potassium sulphate, 10 per cent., 24 hours.

Magnesium sulphate, 10 per cent., 24 hours.

Manganese sulphate, 10 per cent., 24 and 48 hours.

Potassium acetate, 10 per cent., 24 hours.

Potassium cyanide, ½ per cent., 1 hour.

Potassium nitrate, 10 per cent., 24 and 48 hours.

Potassium permanganate, 2½ per cent. ,  24 hours.

Potassium sulphide, 10 per cent., 24 hours.

Sodium acetate, 10 per cent., 24 and 48 hours.

Sodium sulphate, 10 per cent., 24 and 48 hours.

B I B L I O G R A P H Y .

A R C A N G E L I,  G: Sopra l’azione dell’  acido borico sul germogliamento dei semi. (Proc.

Verb. d.  Soc. toscona d.  sci .  nat .  I V,  Pisa,  1885; ex Just,  xIv 1, p. 133.) Seeds of

Leguminosæ, Gramineæ and some others were soaked in boric acid of .5,  .25 and

1 per cent.  strength. The  l a t t e r  was  found  to  p reven t  ge rmina t ion .

A R T H U R, J .  C: Loose smut of oats.  (Ind.  Exp. Sta.  Bull .  No. 35.) F inds  t ha t  cop -

pe r  su lpha te  r e t a rds  ge rmina t ion .

C O R N E V I N ,  CH : Action de poisons sur la germination des graines des végétaux dont

ils  proviennent.  (Comptes rendus Acad. Sci. ,  Paris,  113, 1891, p.  274; ex Just ,  x Ix

1, p. 26.) The  ge rmina t ion  was  no t  a f f ec t ed  by  t r ea t i ng  s eeds  o f  Agrostemma

G i t h a g o  with the derived alkaloid saponin,  nor C y t i s u s  L a b u r n u m  with  cy t i s in .

Germina t ion  was  r e t a rded  48  hour s  by  soak ing  tobacco  seed  38  hour s  i n  a  so lu -

tion (1 to 150) of nicotine.  Op ium has t ened  the  ge rmina t ion  o f  poppy  seed .

G I G L I O L I,  J :  Su l l a  r e s i s t enza  d i  a l cun i  s emi  a l l ’ az ione  p ro lunga t a  d i  agen t i  ch imic i

gassos i  e  l iqu id i .  (Annuario d.  R. Scuola Sup. d’Agric,  Postici ,  Vol.  II,  1880; ex

Just ,  I X  1, p. 31.) Action of gases,  l iquids,  vapors and solutions on some seeds.

H A R V E Y: (Maine Exp. Sta.  Bull .  No. 7,  p.  18) “A solution of corrosive sublimate,  of

a  p rope r  s t r eng th  t o  de s t roy  t he  ge rms  o f  mo ld ,  w i l l  no t  i n ju r e  t he  v i t a l i t y  o f

the treated seed.”

H E C K E L,  E :  Nouve l l e s  r eche rches  phys io log iques  su r  l a  ge rmina t ion  des  g ra ines .

(Journ. de Bot. 1889, p. 288, etc.; e x  J u s t ,  X V I I  1 ,  p .  12 . )  Sulphurous acid retards

or  p reven t s  ge rmina t ion .  A  ve ry  weak  so lu t ion  o f  su lphur i c  ac id  has t ens  ge r -

mina t ion ,  bu t  a t  t he  cos t  o f  t he  v i t a l i t y  o f  t he  s eed l ing .  A solution 2 per cent.

prevents germination. Sodium salicylate hinders germination.

H E C K E L,  E: De l’ influence des acides salicylique,  thymique et  de quelques essences

sur  l a  ge rmina t ion .  (Comptes rendus Acad. Sci. ,  Paris,  87,  p.  613; ex Just ,  V I  1 ,

p. 559.) Action of salicylic acid and various essences and essential oils on ger-

m i n a t i o n .

H E C K E L,  E :  D e  l ’ a c t i o n  d e s  t e m p é r a t u r e s  é l e v é e s  e t  h u m i d e s  e t  d e  q u e l q u e s  s u b -

s t a n c e s  c h i m i q u e s  ( b e n z o a t e  d e  s o u d e ,  a c i d e  b e n z o i q u e ,  a c i d  s u l f u r e u x )  s u r  l a

g e r m i n a t i o n .  ( C o m p t e s  r e n d u s  A c a d .  S c i . ,  P a r i s ,  9 1 ,  p .  1 2 9 ;  e x  J u s t ,  v III  1,
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p .  2 9 0 . )  S o d i u m  b e n z o a t e  ( . 1 3  p e r  c e n t . )  h i n d e r s  g e r m i n a t i o n .  T h e  a c t i o n  o f

benzo ic  ac id  o f  l i ke  s t r eng th  fo r  e igh t  days  p reven ted  ge rmina t ion .  Sulphurous
ac id  d id  no t  en t i r e ly  p reven t  ge rmina t ion .

H I N D O R F, R: Ueber den Einfluss des chlormagnesiums und des chlorcalciums auf die

Ke imung  und  e r s t e  En twicke lung  e in ige r  de r  w ich t ig s t en  Cu l tu rp f l anzen .  ( B e r -
ichte Physiol.  Labor.  Versuchst.  landw. Insti t .  Univ.  Halle,  6 Heft ,  1886, p.  135.)

Moderate quantit ies of magnesium and calcium chlorides have a beneficial  effect

o n  g e r m i n a t i o n . La rge  quan t i t i e s ,  more  t han  i s  f ound  i n  t he  so i l ,  h ave  a  hu r t -

ful effect,  due to the chlorine.

I S I D O R E- PI E R R E,  J :  U e b e r  d e n  E i n f l u s s  d e r  W ä r m e  u n d  d e s  B e i z e n s  m i t  K a l k  u n d

Kupfervitriol  auf die Keimfähigkeit  des Weizens. (Annales Agronomiques, 2 Bd,
1876, p. 177; ex Just, I V, p. 880.) Seeds of wheat dipped in boiling milk of l ime

for 2 or 3 minutes lost  the power to germinate;  54 per cent.  of the seeds germi-

na t ed  a f t e r  be ing  d ipped  fo r  3  minu t e s  i n  a  so lu t i on  o f  2  pe r  c en t .  coppe r  su l -

phate, at  60° C.,  and 63 per cent.  at  50° C.

J O N E S,  L .  R :  T h e  e f f e c t s  o f  v a r i o u s  f u n g i c i d a l  t r e a t m e n t s  u p o n  t h e  v i t a l i t y  o f  s e e d

c o r n . (Fifth An. Rep. Exp. Sta.  Vermont,  1891, p.  138.)  “Soak ing  in  t he  Bor -

deaux mixture for 1 hour and less had no perceptible effect,  and soaking 6 hours

was  s l igh t ly  benef ic ia l . Soak ing  i n  coppe r  su lpha t e  so lu t i ons  o f  e i t he r  s t r eng th

(6  pe r  c en t .  and  12  pe r  c en t . )  f o r  l eng th s  o f  t ime  up  t o  15  minu t e s  had  no  ap -

pa ren t  i n ju r ious  e f f ec t .  Soak ing  1  hour  was  s l igh t ly  in ju r ious . ”

K E L L E R M A N,  W.  A . :  Second  r epor t  on  fung ic ides  fo r  s t i nk ing  smut  o f  whea t .  (Kas .

Exp. Sta. Bull. No. 21.) Finds that treatment with the following chemicals either

i n j u r e d  o r  t o t a l l y  d e s t r o y e d  t h e  g r a i n : Bordeaux  mix tu re ,  24  hou r s ;  Bo rdeaux

mix tu r e  (ha l f  coppe r ) ,  24  hou r s ;  coppe r  su lpha t e ,  1  pe r  c en t . ,  24  hou r s ;  coppe r

sulphate, 3/8 per cent., limed, 24 hours; copper acetate,  1 per cent. ,  24 hours; cop-

per chloride, 1 per cent., 24 hours; potassium bichromate, 1, 2½ and 5 per cent., 24

hours. Mercuric chloride, 1/10 pe r  cen t . ,  24  hours ,  d id  no  damage .  S o m e  o f  t h e

above ,  i n  weake r  so lu t i on ,  d id  no t  i n t e r f e r e  w i th  ge rmina t ion .

K E L L E R M A N, W. A.: Test  of fungicides to prevent loose smut of wheat.  ( l .  c .  No. 22.)

Gives incidentally the effect on the germination by the use of several chemicals.

K E L L E R M A N, W. A., and SW I N G L E, W. T.: P r e l i m i n a r y  e x p e r i m e n t s  w i t h  f u n g i c i d e s

for stinking smut of wheat.  (l .  c.  No. 12.) Add i t i ona l  expe r imen t s  and  obse rva -

tions on oat smut,  made in 1890. (l .  c.  No. 15.) Report on loose smut of cereals.

(Kas. Exp. Sta.  An. Rep. 1889, p.  213.) G ives  i nc iden ta l ly  t he  ac t ion  o f  s eve ra l

fung ic ides  upon  the  ge rmina t ion  o f  t he  s eed  used .

K E L L N E R,  O :  Un te r suchungen  übe r  d i e  Benu t zung  mi t  Ca rbo l s äu re  i n f i c i r t e r  exc r e -

m e n t e  a l s  D ü n g e r .  ( D i e  L a n d w .  V e r s u c h s t . ,  x x x ,  p .  5 2 ;  e x  J u s t ,  X I I  1 ,  p .  48 . )

Ca rbo l i c  ac id  i n  sma l l  quan t i t i e s  h inde red  the  ge rmina t ion  o f  whea t  and  beans .

Manure  con ta in ing  ¼  pe r  cen t .  p roduced  cons ide rab le  e f f ec t .

K U D E L K A, F: Ueber den Einfluss der Kupfervitriollösung auf die Keimfähigkeit  des

g e q u e l l t e n  W e i z e n s .  ( O e s t e r r . Landw.  Wochenb l . ,  1876 ,  p .  1280 ;  ex  Ju s t ,  I V,

p .  8 8 0 . )  W h e a t  s o a k e d  1 6  h o u r s  i n  ½  p e r  c e n t .  c o p p e r  s u l p h a t e  g e r m i n a t e d

nea r ly  a s  we l l  a s  when  soaked  in  wa te r  fo r  t he  same  t ime .  Even 2 hours’ soak-

ing  p roduced  a  s l igh t  r e t a rda t ion  o f  ge rmina t ion .

L A R B A L É T R I E R , A:  Ricerche  sull’ impiego  della  calce  e del  solfato di rame pel grano

da  semina .  (L ’ I t a l i a  Agr i co l a ,  X I X,  1887, p.  397; ex Just ,  X V I  1, p. 12.) I n v e s t i -
gated the effect of soaking wheat for 6 hours in 4/10 per cent.  sulphuric acid, 1/10

pe r  cen t .  po t a s s ium pe rmangana te ,  1  pe r  cen t .  ammonium su lpha te ,  and  some

other  chemica l s .

M A E R C K E R,  M :  U e b e r  d i e  B e e i n t r ä c h t i g u n g  d e r  K e i m k r a f t  d e r  G e r s t e  d u r c h  E i n -

que l l en  in  Schwefe l säu re . ( M a g d e b u r g e r  Z e i t g ,  1 8 8 7 ;  e x  J u s t ,  x v  1 ,  p .  1 3 9 . )
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Sulphur i c  ac id  l owered  the  ge rmina t ion  o f  ba r l ey  f rom 1  to  5  pe r  cen t . ,  a cco rd -

ing to the thickness of the seed coat.

M O R E L,  J :  E f fec t  o f  bo rac ic  ac id  on  ge rmina t ion .  (Comptes rendus, 114, p.  131; ex

E x p .  S t a .  R e c o r d ,  III 9 ,  p .  635 . )  Weak  so lu t ions  o f  borac ic  ac id  and  o f  borax

re t a rded  the  ge rmina t ion  o f  whea t  and  beans .

N E S S L E R,  J :  E i n f l u s s  d e r  S t ä r k e  v e r s c h i e d e n e r  L ö s u n g e n  a u f  d a s  K e i m e n  d e r  S a m en

und das Wachsen der jungen Pflanzen und über Stärke der Lösung, die bei gege-

bene r  Düngung  im  f euch ten  Boden  und  be i  Regen  en t s t eh t . ( W o c h e n b .  l a n d w .

Ver. Grossh. Baden, 1877, p. 41; ex Just, v, p. 674.) Sodium chloride, 5/10 per cent.,

hindered the germination of cabbage, clover,  and hemp, but did not affect wheat.

The  ac t i on  o f  ammonium su lpha t e ,  suga r  and  f e r rous  su lpha t e  was  i nves t i ga t ed

a l s o . In  t he se  expe r imen t s  t he  young  p l an t  g r ew  in  con tac t  w i th  t he  l i qu id .

N E S S L E R ,  J :  E in f lu s s  de s  e i s env i t r i o l s  und  de r  ka rbo l s äu re ,  we l che  dem dünges

zugese t z t  w e r d en ,  au f  d a s  k e i men  d e r  s amen  und  wachs en  de r  P f l anzen .  (Woch-

enb l .  l andw.  Ves .  Gros sh .  Baden ,  1876 ,  p .  42 ;  ex  Ju s t ,  v . ,  p .  673 . )  Seeds  we re

p lan ted  in  po t s  con ta in ing  1 ,700  g rams  o f  ea r th ,  t o  wh ich  had  been  added  sma l l

quantit ies of ferrous sulphate or carbolic acid, either with or without an equiva-

len t  o f  ammonia .  A  de t r imen ta l  e f f ec t  was  obse rved  when  the  f e r rous  su lpha t e

was  more  than  .25  g ram,  o r  the  ca rbo l i c  ac id  more  than  .1  g ram.  In  a  s econd
experiment,  in which the earth was kept more moist ,  the seeds bore the presence

of 2 grams of ferrous sulphate or 5 grams carbolic acid.

P E A R S O N, A. W: Copper salts  and vegetation. (Garden and Forest,  I V, 1891, p. 498.)

F inds  t ha t  coppe r  su lpha t e  u sed  a s  a  fung i c ide  s e r i ous ly  r e t a rd s  t he  ge rmina t i o n

of  corn.

P E T Z O L D, G. A: Keimung (Isis ,  1877, p.  128; ex Just ,  V , p. 674.) Ac t ion  o f  sod ium
hydra te  and  po tass ium hydra te  on  ge rmina t ion .

V A R I G N Y, H. de: Sur l’action du camphre sur la germination. (Comptes rendus Soc.

Biol .  Paris ,  1891; ex Just ,  X I X  1, p. 26.) Ac t ion  o f  camphor  on  ge rmina t ion .
V I L M O R I N,  H :  U e b e r  d e n  E i n f l u s s  d e r  m i n e r a l i s c h e n  D ü n g e r  a u f  d a s  K e i m e n  d e r

Samen .  (Organ  des  Ver .  Rübenz . - Indus t .  ö s t e r r .  ung .  Monarch i e ,  1876 ,  p .  219 ;

ex Just, I V, p. 880.) Gra in  and  r ape  seed  p l an ted  in  ea r th  con ta in ing  5  pe r  cen t .
o f  po t a s s ium n i t r a t e ,  c a l c ium phospha t e ,  and  e spec i a l l y  sod ium n i t r a t e ,  su f f e r ed

marked  r e t a rda t ion  in  the  ge rmina t ion .

SUMMARY.

Treating the seed with chemicals is a remedy for many fungous diseases
of plants. The increased use of this method of treatment necessitated ex-
periments showing the effect produced upon the vitality of the seed treated.
Corn was chosen, as it answers best to the conditions of the experiments.
A definite number of seeds were soaked for a definite time in a solution of
definite strength of the chemical to be tested and the percentage of ger-
mination noted. A check experiment was carried on at the same time, in
which water was used in place of the chemical. Eighty-two chemicals were
tested for various strengths and for various periods of time, making a total
of about 400 experiments.

Some chemicals were found to affect the vitality of the seed much more
than others. Among these were mercuric chloride, arsenous oxide, cadmium
bromide, and potassium cyanide. Germination was entirely prevented by
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soaking for 5 hours in 1/5 per cent. arsenous oxide; and for 24 hours in 1/10 per
cent. mercuric chloride, or for 1 hour in 3 per cent.

On the other hand, germination was scarcely affected by soaking for 48
hours in 10 per cent. solution of several substances, such as alum, saltpeter,
and sodium sulphate.

The effect upon the vitality of the seed is shown first by the germination
being retarded, and then by the per cent. of germination being lowered, and
finally by the entire prevention of germination. In general, the effect is
proportional to the time and to the strength of the solution.

CONCLUSIONS.

The fungicidal value of many of the chemicals included in the table has
not been tested, but the following conclusions may be safely drawn:

A chemical, to be of value as a fungicide, must not be used in a solution
of such strength as to injure the vitality of the treated seed.

All the chemicals included in group V may be used as fungicides, if the
strength and time do not exceed those given in the table. This group in-
cludes chemicals which were not injurious in strong solutions acting from
24 to 48 hours.

The chemicals included in group IV, where the germination is from 80
to 100 per cent., should be used either in weaker solutions or for a shorter
period.

Group I includes chemicals which are all decidedly injurious to the seed,
and could be used only in very weak solutions or for a short period. Such
substances must therefore show unusual fungicidal properties to admit of
their use for this purpose.

In groups II and III, those chemicals should be avoided that are injuri-
ous when used in weak solutions for a short period. Those which are inju-
rious only in strong solutions for a long period may be safely tried when
the strength or time is reduced.
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