



























































THE CONDITIONS OF GERMINATION. 21

are threshed out. It often happens that a long period of
rainy weather interferes with the threshing and the grains
begin to sprout. When finally threshed the resulting seed
has lost much of its vitality. It may not, however, be alto-
gether worthless for seed. (See 39.)

Corn is often injured for seed by frost. When such
injury occurs, it will always be found that the corn was not
entirely dry. Freezing will not materially injure any of
the common Agricultural seeds if the seeds are thoroughly
dry.

The seed of Kentucky bluegrass (Poa pratensis) is
secured by stripping the seeds from the stems and these
stripped seeds are spread out or placed in small piles to dry.
If conditions are not unusually favorable for curing, the
seeds go through a process of heating which destroys their
vitality. Much of the bluegrass seed offered for sale has
been injured in this way.

19. Repeated Germination. Seeds often sprout dur-
ing the process of harvesting by reason of warm wet
weather. These seeds may be dried by favorable weather
and again sprouted by a recurrence of wet weather. Does
this repeated germination destroy the vitality of the seed?
Fuller states that “when seeds have once begun to grow,
they cannot again be reduced to a dormant state without
causing their destruction.” This statement cannot be ac-
cepted for most farm seeds. Numerous experiments have
shown that some seeds may repeatedly germinate and still
retain their vitality.

Beal germinated wheat and buckwheat six times with
the following results. The sprouting each time was allowed
to continue until the root and young stem had grown to the
length of the grain.
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Per Cent Germinated.
Kind of Seed.

1st. | 2nd. | 3rd. | 4th. | sth. | 6th.

Clawson Wheat.. . ........... 100 | 100 97 | 93 84 38
Schumacher Wheat, ......... 100 | 100 go | 87 67 8
Buckwheat............. .. .. 100 | 100 | 100 | 98 65 39

In this experiment the only requirement was that the
seed should be able to germinate. If the same experiment
had been conducted in the open ground and continued until
the plants had begun to grow, the results would have been
more unfavorable to the sprouted seeds. (See 39.)

20. Chemical Substances. Some of the earliest writ-
ings contain references to the treatment of seeds with some
chemical substance for hastening germination. In later
times it has been found necessary to treat the grains of
many farm crops to destroy the germs of fungus diseases,
smut for example.

Some kinds of treatment seem to injure the vitality
of the grain, others may actually improve the vitality and
give a greater crop. ‘

Nessler* found that a weak, 0.5 per cent solution of
common salt injured seriously the vitality of clover, rape
and hemp seeds.

A one percent salt solution prevented wheat from ger-
minating.

Sulphate of ammonia and sulphate of iron (copperas)
are both injurious to seeds.

Oats are often treated for smut by immersion in hot
water. - This treatment has uniformly been followed by an
increased yield. In experiments by Jensen and Arthur, this
increase has been as much as six times greater than would
follow the replacing of every smutted head with a healthy

*Agriculture—Storer. Vol. II, page 455.
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one. The reason for this increase has not yet been satis-
factorily demonstrated. (See 40.) .

OteEr ConpiTIONS OF GERMINATION.

21. Moisture. The first stage in the process of ger-
mination is the absorption of water by the seed. This
absorption of water must continue until the seed is quite
saturated. The swelling of the seed by moisture prepares
the way for the growth and development of the young plant,
by mechanically bursting the seed covering. The water
also dissolves the stored plant food and carries it to the
growing embryo.

Dry seeds will not germinate, no matter how favorable
the other conditions may be. This fact gives us an easy
method of preserving seed from one year to another.
Thorough drying either by exposure to the sun and wind,
or to artificial heat, is the surest possible method of saving
seed. Seeds thus prepared are not attacked by fungous
diseases; they do not ferment or sour and are not injuriously
affected by extreme cold.

22. Heat. Seeds are greatly influenced by changes of
temperature. This is true of both germinating and dor-
mant seeds. The latter are not materially affected by ordi-
nary changes of temperature if they are dry. Even a small
percent of moisture renders all seeds much more susceptible
to injury from cold. The seed of Indian corn (Maize) is
often of weak vitality, due to injury from cold before drying.
Seed corn should never be selected from the corn crib in
the spring, but should always be selected in the fall and
placed where it will quickly dry before cold weather comes.

The larger seeds will withstand temperature as high as
202° F.if dry. A moist heat of 138° F. will kill most com-
mon farm seeds if continued for ten or fifteen minutes.

The vitality of all cereal seeds is destroyed if subjected
to a constant temperature of g5° F. in water oror 105° F.in
moist sand.
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This temperature is often observed in the lowlands of
the Southern States, and hence the seeds of many species
must be destroyed by the sun’s heat alone.

Seeds differ in their requirements as to temperature.
Some species germinate at a very low temperature, while
others require a much higher degree. The following table
is from Sachs.

'"TEMPERATURE AND GERMINATION OF FARM SEEDS.

Kind of Seed. Minimum. Maximum. Falx\/qt;)rsafble.
Indian Corn . ... 49° F 105° F 91° F
Bean....... ..... 49° 105° 91°
Pumpkin.. ..... 52° 105° 91°
Barley............ 41° 100° 84°
Wheat....... o 41° 108° 84°

Barley and wheat are winter crops and are success-
fully grown in very cold climates. Barley will grow and
produce a crop in climates so cold that only the surface soil
thaws out during the short summer season. Indian corn
is a sub-tropical plant and will not germinate until the soil
is well warmed up in the spring. ‘

Warm temperatures hasten the germination of most
seeds. The following table from Nobbe is interesting in
this connection.

INFLUENCE OF WARM TEMPERATURE ON GERMINATION. »

Days required for beginning of germination at
different temperatures.
Plant.

40° F 50° F 60° F 65° F
Wheat .... 6 days 3 days 2 days 134 days
Rye....... 4 days 214 days 1 day 1 day
Indi’n corn| -— 1114 days 334 days 3 days
Timothy..| — 634 days 334 days 3 days
Clover .... 7% days " 3 days 134 days 1 day
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Seeds may begin to germinate at low temperatures,
but the process is slow and the seed may often decay before
the process is completed.

Seeds of barley, wheat and rye have been known to
germinate on cakes of ice.* (See 42.)

23. Oxygen. Free oxygen gas which exists in prac-
tically unlimited quantities in the air, is a prime essential
for germination. Seeds will not germinate in any medium
from which air is excluded. Seeds will germinate in warm
water which has been agitated to increase its content of
air. If the water be boiled the air will be expelled and
seeds will not germinate in it.

Many of the processes concerned in germination are
chemical processes of oxidation and the oxygen is necessary
for the development of the ferment diastase. (See 5.)

Cultivating the soil by plowing and harrowing loosens
the soil and allows the air to enter to the roots of the plants.
(See 41.)

24. Light. The germination of seeds is not much
influenced by light. It is true that most seeds are buried
slightly in the ground when planted but they are thus
covered to secure better conditions of heat and moisture
rather than to protect them from light. E. Brown found
that light had no influence on the germination of Kentucky
bluegrass seed. Many flower seeds are planted on the sur-
face of the soil. The grasses and clovers are generally left
uncovered and thus fully exposed to light.

*North Carolina Bulletin, 108, p. 367.
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PART IL

SeEEDp SELECTION AND SEED TESTING.

25. Cultivated Plants. All of our domesticated plants
have been developed from inferior wild sorts by careful
selection. All plants tend to vary, and especially is this
true of the domesticated varieties. The variations produce
new qualities, some desirable and others undesirable. By
selection, we retain those plants having the greatest ac-
cumulation of good qualities.

The desirable qualities, which are the result of selec-
tion, will soon be lost unless these are retained by continual
careful selection of seed. It is possible to not only retain
the good qualities already possessed by a variety, but by
intelligent selection to improve them. This process is plant
breeding. A few suggestions only, follow. '

26. Selecting Seed Corn. The usual method of select-
ing seed corn is to secure the largest and best formed ears.
This practice does not result in any great improvement in
the quality or yield of corn. In every field ofycorn there
are always barren stalks and the pollen from these may
fertilize the grains in the ears selected for seed. When this
is the case, the seed may tend to produce barren stalks. In
selecting corn for seed, the barren stalks should all be cut
out before tasseling and then the seed secured from the
remaining fruitful stalks. The ears selected should be of
medium size, cylindrical and not tapering too much toward
the tip, grains long and closely packed together, and the
tip entirely covered with kernels. Figure 8 represents some
good types of corn. (See 435.)

27. Selecting Seed Wheat. It has been shown in 12
that the majority of the largest and plumpest grains are to
be found in the largest heads. If this is true, then by select-
ing the largest grains we will maintain the improved quali-
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ties of the variety. But some of the large grains may also
come from short and unfruitful heads. The only certain
method of selection is to first go into the field and select the
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Productive varieties of corn. These illustrations are typical of the varieties shown.

largest and finest heads from productive plants, and from
the grains thus gathered select the largest and plumpest.
In selecting all farm seeds, care should be taken to always
secure seed from productive plants. It is always better to
select even small seeds from productive plants, than large
seeds from unproductive ones. (See 46.)
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28. Selecting Grasses and other Seeds. Very little
systematic effort has so far been directed to the improve-
ment of grass seeds. At present the most that can be done
is to be sure that the seed sown is pure, that is, free from
weed or other foreign seeds, and that it possesses strong
vitality. These qualities are determined by a process known
as seed testing.

29. Seed Testing. In purchasing seeds for planting,
it is very essential to know three things about them:

I. Are the seeds of the species desired, that is are
they true to name?

2. Is the sample free from adulteration and noxious
weed seeds?

3. Do the seeds possess a high percentage of via-
bility? That is; will a high percent of them grow quickly
and strongly?

30. Seeds True to Name. Most farm seeds contain a
larger or smaller percent of other seeds, not necessarily
noxious but still undesirable. Wheat often contains grains
of rye. Kentucky bluegrass seed (Poa pratensis) is often
mixed with the small inferior Canadian bluegrass (Poa
compressa). Red clover seed often contains seeds of other
clovers, timothy, orchard grass and forage plants. It is
necessary to learn to distinguish the foreign seeds which
are useful from those which are noxious. (See 47.)

31. Adulterated Seeds. It is not easy to adulterate
seeds with foreign substances, but old and worthless seeds
are very often bleached and mixed with fresh seeds by
unscrupulous seedsmen. Sand grains are often colored and
mixed with clover.

These methods of adulterating seeds are bad enough
but even these seeds are far less harmful in their results
than samples which are contaminated with noxious weed
seeds. Great damage results every year to the farmers
from planting the seeds of very troublesome weeds which
are found mixed with clover and grass seeds. Clover seed,
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Fig. o.

TimMoTHY SEED AND WEED SEEDS OFTEN Mi1xEp WitH IT.

7, Timothy (Phleum pratense) with and without the glumes; 2, Pepper

grass (Lepidium virginicum); 3, Potetilla monspeliensis; ¢ Sorrel

Rumenx acetosella); 5,Oxeye daisy ( Chrysanthemum leucanthemum) ;

» Rib grass (Plantago lanceolata); 7, Vervain (Verbena hastata);

8, Witch grass (Panicum capillare); g, Crab grass (Syntherisma san-

guinale); Dodder (Cuscuta trifoliz). The small figures represent
natural size. (Hicks, U. S. Dept. of Agr.)
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especially, often contains many species of the most noxious.
and harmiful weeds and foreign substances. A common
adulterant of clover seed is yellow trefoil. This plant has
some value, but does great harm in clover by occupying
ground which ought to be in clover. The trefoil seed is.
imported from Europe expressly for the purpose of adul-
terating clover, and sometimes makes up thirty percent of
the clover seed.

Some very bad weeds found in clover are buckhorn
plantain (plantago lanceolata) bracted plantain (plantago
aristata), sheep’s sorrel (rumex acetosella) sour dock
(rumex crispus) foxtail (setaria glauca) and in imported
seed a parasitic plant called dodder.

These seeds are all easily detected by the use of a
small magnifying glass, or indeed many of them may be
easily seen with the naked eye. The author once examined
a sample of cheap clover seed imported from Canada, which
was thirty percent buckhorn. Wheat often contains chess
or cheat (bromus secalinus), and cockle (agrostemma
githago).

32. Viable Seeds. A viable seed is one having life’
enough to germinate. Seeds that are to be planted for the
production of some valuable crop must not only barely ger-
minate, but they must germinate strongly and vigorously.
The sprout from a weak seed may be easily killed by any
unfavorable condition such as cold, excess of moisture,
drouth, insects or poorly prepared seed bed. A strong and
vigorous seed on the other hand may possess such strong
vitality that none of these harmful conditions will destroy
it. The farmer cannot afford to plant seeds of weak vitality.
The vitality of seeds is determined by testing either in the
soil, or when that is not possible, in a germinating ap-
paratus. (See Fig.10.) Any kind of apparatus which will
make it possible to keep the seeds moist (not soaking wet)
and warm, will be suitable for testing seeds. (See note,
p- 33.)

For determining vitality, one hundred seeds are placed
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in the apparatus and allowed to sprout. The number ger-
minating will represent the percent of germination. The
following table is adapted from the Year Book of the United
States Department of Agriculture for 1895. This table gives.
the number of seeds in a hundred of the various farm crops.
that should germinate.

Crop. Percentage. Crop. Percentage..
Beans..... csssesun 95 Orchard grass, ..... 8o
Buckwheat . ....... 92 Peas. ..... G o a5 § BEE 08
Carrot. ..... s ¥5d 85 Pumpkin, ............ 92
COFN: wiiis = 6svnian 93 Squash. ..... ... .. 92
Clover, red.... ... 90 Sunflower .......... 90
Clover, white. .... 85 Sorghum. ........... 90
Clover, Alsike. ... 85 Timothy...... . .... 90
Fowl meadow grass.. 75 Tobacco .... ...ovvne 88
Kentucky bluegrass.. 50 Turnip..... ... ... 95
Millet.........ouetn 85 Wheat.. . .. ... .... 95

The above table indicates the percentage of farm seeds:
which should germinate under favorable conditions. It
must always be remembered that under ordinary farm
practice, where the seeds are planted in the soil, a much
smaller percent will germinate than in the germinator.

33. Length of time required for germination. The
time required for the seeds mentioned above to germinate
varies with the temperature (see 22) and the kind of seed.
The generally accepted period of germination is ten days.
Some seeds require a longer time as follows:

Days.
Beet seed, rye grasses, timothy, carrots............... ... L 14
Grasses (except those mentioned elsewhere)...............c.. .. 21
Meadow grasses (Poa), coniferae, acorns. ... ...ceovve cavonen 28
White pine and stone fruits.. ...........cco00 Lol ol Ll 42
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Quick germination is an indication of strong vitality.
More than one-half the seeds of any sample should germin-
ate in less time than that given above. The following seed
should show more than fifty per cent of germination in the

time placed opposite each group.

TIME REQUIRED TO GERMINATE MORE THAN ONE-HALF THE SAMPLE,

Days.

Cereals, clovers, peas, flax, cabbage, radish. ................
Squashes, pumpkins, cucumbers, beans, buckwheat.... .... ...
Beet, timothy, rye grasses, meadow foxtail ........... .....
Redtop, carrots, sorghum.. ............. ...... ...
Spruce, foxtail, Kentucky bluegrass, fescue.

Fir pines, and maple

oON oA~ Ww

-

A seed is considered as germinated when the root has

pushed its way out of the seed coat.
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PART III.
EXPERIMENTS.

34. Maturity as affecting vitality. Gather seeds of
corn, oats or other grains at four stages.

1. Very young (seeds containing clear juice).

2. Somewhat older (milky juice).

3. Dough stage.

4. Dead ripe stage.

Place in germinator (see note below ) and observe
daily rate of growth.

Measure length of young plants when they have
reached their greatest growth. Thoroughly ripe seeds
always make the strongest growth. Immature seeds some-
times sprout more quickly. (See 10.)

35. Age and Vitality. Secure old seeds of corn, wheat
and oats or of garden crops the age of which is known,
and germinate in the germinating pan with fresh seeds.
Do your results agree with the experiments described in 117

36. Size of Seed and Vitality. Select the largest,
plumpest grains of corn, wheat and oats, and also the
smallest and most shriveled ones. Germinate these. Ob-
serve carefully the rate of growth and the ultimate length of
the young plant. (See 12.)

37. Kind of Seed and Vitality. Place in the germin-
ating pan seeds of corn, wheat, timothy, bluegrass, peas
and clover. Observe how much more quickly the large
seeds germinate and how much larger the plants of the
larger seeds become. (See 14.)

NoTe:—A simple and inexpensive germinating pan which will
fulfill every requirement may be made by any tinsmith. It should be:
made of galvanized iron, 14 inches long, 8 inches wide at the bottom
and flaring somewhat toward the top, and 2 inches deep. In the bot-
tom of this put four thicknesses of cotton flannel. Place the seeds to
be germinated on this and cover with two thicknesses of the same
material. Cover the top of the pan with a pane of glass. Keep cloths.
moist.



Fig. 10.

GERMINATING PAN.

A. Pan of galvanized iron.
B. Cotton flannel (wet) covering seeds.
C. Sprouts of corn. Covering the pan is a pane of glass.

12
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Any common dish such as a deep dinner plate or a pie tin may
be used as a germinating apparatus. Sand may be used instead of cot-
ton flannel. In every case the top should be covered with another plate
of the same size or with a pane of glass.

38. Cold and Vitality. Sometime during the coldest
weather soak the seeds of corn, wheat, clover, rye and oats,
in water until somewhat swollen, Place these seeds with
dry ones of the same sorts where they will be subject to
very cold (freezing) temperature. Now place them in the
germinating pan and note results. Cold has little effect on
perfectly dry seeds. (See 22, 17 and 18.)

39. Repeated Germination and Vitality. Place in
germinating pan the seeds of corn, wheat and buckwheat.
When the young stem reaches a length equal to the length
of the seed, take it out and dry it. When dry, put back in
the germinator and proceed as before. Continue sprouting
and drying as long as seeds will continue to germinate.

(See 19.)

40. Chemical Substances. Soak seeds one hour, five
hours and twenty-four hours in salt solutions varying from
o.1 percent to 5 percent. Immerse seeds of corn, wheat,
oats, etc., in boiling water for thirty seconds, one minute,
two minutes and five minutes. Place all in the germinating
pan and observe results. (See 20.) e

41. Oxygen and Germination. Fill two small wide
mouth bottles with water. Shake one thoroughly and place
a few seeds of various kinds in the bottom. Remove the
water from the other bottle and boil it. Pour it back in the
bottle, put the same number and kinds of seed in the bottom
as in the first case, and cover the surface of the water with
a thin film of any common lubricating oil. Determine the
percent of germination in each case. The boiling of the
water forces out the air and the oil keeps it out. The
shaking of the bottle in the first case serves to entangle
more air in the water. (See 23.)

42. Temperature and Germination. Germinate seeds
of corn, wheat, clover and melons at constant temperatures
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of 40°, 50°, 60° and 80° F. Note how much more rapidly
the seeds germinate in the warmer temperatures. How
many days are required for germination at each tempera-
ture? (See 22).

Note:—To secure the temperatures desired it is easy to arrange-
a tall box, 18 inches square lined with metal and arranged with a meta
shelf two feet from the bottom. The germinating pan may be set on
this shelf, or better suspended above it. Coverthe top except one:
small opening. Under the high shelf set a small lamp and regulate the
temperature by turning up or down.

43. Moisture and Germination. Soak dry seeds of
corn, wheat, beans, oats and other kinds in water. If
suitable balances are available, determine the percent of
water absorbed by each. Notice how the seed coats of
certain kinds seem to be stretched to their utmost capacity.

(See 4.)

44. Position of Seed. Plant seeds of several sorts in
moist sand. Plant some of the seeds with the germ end
down, some with the germ end up, and others in different
positions. Note how the root always turns downward.

(See 7.)

45. Selecting Seed Corn. Go into a cornfield in July
just as the corn is tasseling, and count the number of stalks.
in one hundred hills. Count also the number of stalks.
without ears (barren). If the pollen from these barren
stalks is permitted to fertilize the good ears which will be
saved for seed, the seed will inherit a tendency to produce
barren stalks and consequently reduce the yield. (See 26.)

46. Selecting Seed Wheat. Select the finest heads of
wheat in the field at harvest time. Select from these heads.
the largest plumpest grains and plant them. Continue to
select the largest and finest heads from year to year, keep-
ing a record of the length of the head and number of
kernels in each head. (See 27.)

47. Collection. Make a collection of economic seeds.
in small glass bottles including grains, grasses, clovers and
forage plants. Collect also the seeds of common weeds
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and learn to identify these as readily as you do the growing
weed. (See 20, 30, 31 and Fig. 11.)

48. Examining Seed for Impurities. Secure samples
of clover, timothy and other seeds of forage plants and
examine carefully for impurities. Identify the foreign seeds

Fig, 11.

CorrLecTiON OF SEERDS 0F CommoN FArM Crors AND WEED
SEEDS IN BOTTLES,

Bottles are two and one-half inches in height and three-eights
of an inch in diameter. Each sample is labeled,
(After Couville.)
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by means of your collection.* How many of these are
noxious? '

49. Examination of Seeds for Vitality. Secure sam-
ples of farm seeds that are to be planted or that are offered
for sale. Place one hundred seeds of each kind in the
germinator and leave them long enough (see 32) to sprout
all the seeds. What percent of the seeds are viable? Com-
pare your results with 31. Remember that the percent of
germination is always higher when seeds are placed in the
germinator than when the same seeds are planted in the soil
under the average farm conditions.

50. Color of Seeds. Divide a sample of red clover
seed into two lots, one containing all dark green seeds and
the other the yellowish seeds, germinate these and note
results. Repeat this with various kinds of seeds such as
beans, white clover, etc. (See 13.)
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