48 THE GERMINATION OF SEEDS.

CHAPTER ITL

PLANT GROWTH.

Germination of Seeds.—Figures 56, 57, 58, on a former
page, illustrate the parts of a kernel of corn and its mode of
growth., For the account of the structure of the seed consult a
former paragraph on this subject. It will be seen that the grain
of corn, as is true of all the grasses, remains stationary where
planted, at the base of the ascending axis.

¢ For germination to take place, moisture, oxygen and a. suit-
able temperature are necessary. Under these conditions the
seed swells, oxygen is absorbed, a part of the carbonaceous
ingredients is oxidized, heat is developed, and carbon dioxide is
evolved. During these changes the solid ingredients of the seed
gradually become soluble; the starch and fat are converted into
sugar; the albuminoids are converted into amides.”— ( Waring-
ton’s Chemistry of the Farm.)

In the Temperate Zones, the seeds of grasses germinate quickly
at a rather low temperature, thongh there is considerable differ-
ence in this particular. Some germinate a little above the
freezing point, while every farmer knows that Indian corn, sor-
ghum and millet start slowly, unless the weather be quite warm,
and that the seeds will decay if kept wet and cold.

0ld or light seeds often sprout quickly, but produce weak
plants.

Though the seeds of grasses be secured when quite young, in
the milk, a short time after flowering, when the endosperm is
very small and the seeds shrivel as they dry, yet, if the embryo
be formed and the seed well cured in a dry place, it will germi-

nate. Dry seeds will endure much cold ; wet or green seeds will
endure but little.

Grass seeds may be covered deeper in a sandy soil than in clay,
deeper in a rather dry soil than in a wet one.
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The seeds of grasses are quite small, and should seldom be
covered more than the eighth or fourth of an inch deep. The
only need of a covering is to keep the seeds moist, and in some
cases to prevent birds or other small animals from eating them.
If planted deep, the supply of oxygen is liable to be insufficient,
or if it be present, the seed is likely to become exhausted or
much weakened in thrusting its young stem and leaves to the
surface, where it may reach the light and begin to make a per-
manent growth of green leaves. All experiments are so much
modified by the weather and condition of the soil, that to give
definite rules is difficult.

The Funetion of Green Leaves.—Leaves not unfrequently
absorb water in a liquid state as well as in the form of vapor,
yet the roots absorb most of the water for plant growth. That
leaves sometimes absorb water is most easily tested by observing
the revival of cut flowers or plants when placed in a moist, tin
box. f

“The paramount function of the leaf is the absorption and
assimilation of carbon, as such does not exist in the atmosphere,
unless, indeed, as an impurity in air of towns, and a very preju-
dicial one to plants.”” (Masters). The carbon of plants comes
from carbon dioxide, and is decomposed through the agency of
chlorophyll under the influence of light.

Plants can endure darkness for a short time, but if long con-
tinued the chlorophyll disappears and the leaves fade, and
finally perish, as may be seen in warm weather where a board is
placed on the grass for some time.

Unless the air is saturated with moisture, which is not com-
monly the case for long periods, the leaves evaporate large
quantities of water. The surplus passes off, leaving the con-
densed assimilated matter for building up the plant. In a grow-
ing season, while everything is thrifty, a grass-plant contains

70 to 80 per cent or more of water.
b
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The Plant is a Faetory.— All the labour of the plant by
which out of air, water, and a pinch of divers salts scattered in
the soil, it builds up leaf and stem and roots, and puts together
material for seed or bud or bulb, is wrought and .wrought only
by the green cells, which give greenness to leaf and branch or
stem. We may say of the plant, that the green cells of the
green leaves are the blood thereof. As the food which an animal
takes remains a mere burden until it is transmuted into blood, so
the material which the roots bring to the plant is mere dead food
till the cunning toil of a chlorophyll-holding cell has passed
into it the quickening sunbeam. = Take away from a plant even
so much as a single green leaf, and you rob it of so much of its
very life blood.”” (Masters, quoted from Gardener’s Chronicle).

A living plant is a machine or a factory, which, under the in-
fluence of light and heat, transforms raw materials into organie
matter, suitable for enlarging the plant or enabling it to grow.
In nearly all cases, some portions of a plant are dying while
others are growing, and to some extent, one part is independent
of other portions. This enables a plant to change its place of
growth, to feed on its own stock of nourishment, or to recuper-
ate when injured. The formation and enlargement of new cells
constitute growth., To be ready for absorption by plants, matter
must be in a liquid or gaseous condition. To a great extent a
plant takes what it likes best, or is capable of controlling the
quantity of any substance absorbed.

Of the materials assimilated, a part goes at once to form cell
walls, cork, mucilage, etc., and ecan never be changed by the
plant into matter for constructing other parts of the plant, while
other portions of assimilated material take the form of starch,
oil, inulin, and are likely to be again changed and transferred
once or more times to other portions of the plant.

Only a very small part of the most fertile soil is in condition
to be used for plant food. Some soils may contain a large
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amount of materials which the plants cannot take, or do not
need. A fertile soil is capable of retaining plant food, while
sandy soils, owing to their excellent natural drainage, are 1ot
fertile unless frequently supplied with manure.

Two different kinds of plants growing in the same field will
usually be found to contain certain substances in different pro-
portion. Some are essential, others not; some in large quantity,
others in small quantity, yet, strange as it may seem, by the
chemical composition of a plant, we cannot always tell what
manures will benefit it most.

Composition of Plants.—The combustible part of plants is
made up of five chemical elements—carbon, oxygen, hydrogen,
nitrogen and sulphur; without these no plant is ever produced.
The carbon, hydrogen and oxygen form the cellulose, lignose,
pectin, starch, sugar, fat and vegetable acids. The same elements
united with nitrogen form the amides and alkaloids; and further
united with sulphur the still more important albuminoids.

The incombustible ash always contains five elements—potas-
gium, magnesium, caleium, iron and phosphorus, besides sulphur.
Iron is present in only very small quantity. Besides these, an
ash will generally contain sodium, silicon and chlorine, some-
times manganese, and perhaps minute quantities of other elements.

The earlier chemists spoke of the combustible portions of
plants as ““organic,”” and the incombustible portions as ‘inor-
ganic.” This distinction is no longer considered accurate.

Excepting oxygen, these elements are taken from compounds,
such as water, carbon dioxide and the substances combined as
shown in the following:

Nitrates. Ammonia,
Sulphates. Potash.
Carbonates. ( ________ ] Lime.
Phosphates. Iron.
Silicates. Soda.

Chlorides. Magnesia.
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COMPOSITION OF A CROP OF MEADOW GRASS.

L e S S RN TR N R L 8,378 lbs.
Carbon... ... ..... 1315
ﬁf’g;;%fl‘f s vt } Combustible matter..... 2,613 1bs.
Oxygen and Sulphur 1105
Potash .. __________ 56.3
11 R | L s 11.9
O TR e 28.1
Magnesia__ .. _____ 10.1
Oxide of Iron...... .9 , ’
Phosphoric Acid... 12.7 OB repsrsow 200 T,
Sulphuric Acid_____ 10.8
Chlorine.___ ._____. 16.2
Sibcal ..o oo 57.5
Sand, &c.......... 4.5
OBl GTOD . . oo snesnns 55 Siiave s imen Feenadnnee 11,200 1bs,

From the soil plants obtain, by means of their roots. all their
ash constituents, all their sulphur, and nearly the whole of their
nitrogen and water. From the atmosphere they obtain, through
their Ieaves; the whole, or nearly the whole, of their carbon,
with probably small quantities of nitrogen and water, The
amount and composition of the ash of succulent plants, as
meadow grass and clover, is greatly influenced by the character
of the soil and the manure applied.

For most of the above paragraph the writer is indebted to the
Chemastry of the Farm, by R. Warington.

Meadow hay contains a much larger proportion of potash and
lime than is found in the ripened grain of the cereals.

The Chemical Composition of American Grasses.*—In
submitting grasses to chemical analysis, with a view of judging
of their nutritive value, it is usual to determine the amount pres-
ent of water, ash, fat or oil, fiber and nitrogen. From the latter
the amount of albuminoids to which it is equivalent is readily
calculated by multiplying by a factor which represents the per

* Taken by permission from the Agricultural Grasses, 'by the United Btate Depart-
ment of ulture, 1884, Clifford E-l chardson. Asgsistant Chemist.
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cent of nitrogen present in the average albuminoid, and by sub-
tracting the sum of all these constituents from one hundred, the
percentage of undetermined matter is obtained, and as it of
- course contains no nitrogen, and consists of the extractive prin-
ciples of the plant, it is described as ¢ Nitrogen free extract.” It
includes all the carbo-hydrates, such a sugar, starch, and gum,
together with certain other allied substances, with which we are
less intimately acquainted, but which have a certain nutritive

value.
Although it has been customary to state as albuminoids the

equivalent of the nitrogen found, this is rarely entirely correct,
as a portion is generally present in a less highly elaborated form
of a smaller nutritive value. This portion is described as non-
albuminoid nitrogen, and in analysis of the present day the
amount is always given as an additional source of information,
although our knowledge of its exact value to the animal is rather
uncertain.

The wide variations in fiber and albuminoids must be regarded
as being entirely due to physiological causes, which are difficult to
explain. Digitaria sanguinale, for instance, which in one speci-
men contains the extreme amount of albuminoids and a small
amount of fiber has in another only half as much albumen and one
and three-quarter times as much fiber. We learn then, that
species are not in themselves at all fixed in their composition,
there being as large variations among specimens of the same as

between specimens of different species.
Analysis of Phleuwm pratense (Timothy) from various localities,

FULL BLOOM.
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Department Garden, 1881__._. T.16 | 447 ‘ 50,03 J M35 | 1009 (| L5 | 51 20.1
Department Garden, 1880_____| 5.66 | 8.58 | 58.08 | 21.93 | 090 | 1.58 | .38 24,0
Maryland. .....ccoeoieeeeeao.. 193 | 4.22 [ 52.83 | 043 | 7.0 || 123 | .15 122
New Hampshire .. __________. 457 | 420 | 5708 | 2828 | 5.79 93| .10 10.8
Indiana._ ... ..ccoeoeeiaeaaa| T.05 2.1s| 5290 | 522 b.az || .88 | .00 0
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Analyses of Daetylis glomerata (orchard grass) from various localities.

FULL BLOOM.
. 1
oo g |4
g ; : i3
£ |.%3
LOCALITY. f g § E Bal & u:g 3
£ |2
RE AEEE R o SEE
S22 25| &8 | 3 || 2 |8%]| k=<
North Carolina.____.._.......| 742 | 856 | 5603 | 2308 | 991 || 158 80| 100
Distriel of Columbia......... 8.07 | B.24 53,76 | 25.40 9.53 1.53 16 10.6
Maine ... 7| 802 | 380 | 5480 | 2605 | 874 || 140 | 38| 27
District of Columbia......... 6.00 | 862 | 5734 | 2442 862 || 1.38 | 42 30,4
el 633 | 206 | 5499 | 2751 | 856 || 137 | B1| B2
New Hampshire..............| 844 | 8.49 | 5475 | 2401 | sl || 185 | 42| 309

The different sections furnish very different qualities of gra.éses,
and for the reason that those from the north were almost entirely
from cultivated soil, while those from the other sections were
many or most of them wild species from old sod. The improve-
ment brought about by cultivation is marked, and the difference
between a ton of wild western and eastern cultivated hay is
apparent.

In comparison with German grasses our best do not equal in
amount of albuminoids, those classed by Wolff as fair, but they
are far superior in having a much smaller percentage of fiber,
and consequently a large amount of digestible carbohydrates. In
the grasses of both countries the fiber increases with regularity
as the nitrogenous constituents decrease, and of the latter the
non-albuminoid portion is relatively greatly the poorer the
quality of the grass.

Analyses have been made of series illustrating the changes in
composition of several species from the 'appea.ru.nce of the blade
to the maturity of the seed. :

With a few exceptions the specimens were personally collected
in the grounds of the Department. They all grew in the sum-
mer of 1880 except the few series illustrative of the first year’s
growth of certain species. The specimens were cut close to the

- roots, weighed and dried rapidly in a current of air at 60° C.
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DrY SUBSTANCE. Fresn SU'BSTAN(‘.E.
= = :
L e
. o e g .
DESCRIPTION. g g E £ g‘ 81258 E |2
z Hg =4 8 5| s82 o
5 2§ E 7 z %? S5E E
S O|BE 4| 5 | B3| | 2| 3 |32|sE8| 8| 5| 4| BB B
£ me| 2 2124| § = &S| 27 | B3| B = 2| E &3
- HE— p—— |
II,-PHLEUM PRATENSE—Con. e g |
DEPARTMENT GARDEN, |I
First year's growth: |
out June 10| 49| 858! 610! 47.22| 23.05| 1415 228 | 80| 173 | 7ese| 184 131] 10a2] 54| 308
L Tamedn| 76| TI6| 447 5008| oras| 1098 s 5| 2071 | 67| 238 140 166L| 000! 365
fouly 8! 6| e52| 169l s5179| s8es| &7l 140| 25| 170 || sem3| 2s3| 208| 246! 1228 37
July 10| 75| 563| 372 65.39| 27.08| 818| 127 108 || as86)| 231| 183| =) 1114| 887
INDIANA, |
il gune 8| | ree! 197| e8| 20a0| w0er| 175 a8 | 108 | 7000 s8] 50| 1408 sre| 320
B - | Tune1s| 7| 7e4| 22| 5264| 5| 7.80| 125| 28| =4 | 6rs0| 248| | 17a1| 96t 25
In bloom..... June® |.....| 7.05| 218| K200 5.62 58 00 00| 6450 250 78| 18, 1145 | 1.9
After bloom Tuly 6| 663 25 | sa03| sa| 557 80| 8| 33 | 5es0| 2e0| 11| 2av| 1860 | 243
Barly 866d. ..o ooooenoeoeeen| July 16 505| 374 6057| 2470| 48| 78| 00| 00| 5300| 280| 176| 2856| 1161 297
NEW HAMPSHIRE,
Spike invisible .. ............... 519 | 460 57.00| 2346| T.66| 1.56| .30 | 19. S [t e =
Spike visible. ... 48| 4ow| 5600 55.8¢| 61| 1ak| 45 | 22 ||l P (W
TS 457| 420 srae| e8| &% e8| 0| 10® |IoIIIITIIIIIIII R ey bl
After BIOOH .- --ooo oo gas| so3| seve| smee| 625 s4| s | 17e ||oo|TIiiIlli el o
Early seed.....cccoeoomueeencaen 3.2 27| 625 | 20.03 b4l | BT 251 Y i .lA.....A ..................... B
|
IIL.—DACTYLIS GLOMERATA, I |
DEPARTMENT GARDEN, 1 : |
10201 412| 5086 1876| 1597 | 240 101| 406 || w8 | 218 87| 1078 s98| as
g8 813| 5504 2518| 1039| 163| *00| 00 || 73 | T71| 8| 140 80| 215
gor| #24| s3.78| 2540| 58| 158 8| 105 || 78 | 188| ra| 1220| 577 218
001| 28| G5 e8| 83 LR®| 33| %0 | WH | 2w 5 1805 72| 200
864 308( 5020| 2067 1251| 199| 47| 887 || 6.0 | 286| 182| 1662| 816| 414
6.00| 3.02| 573¢| 2442| 8.62| 138| 42| 504 | €0.2 | 230| 14| z2es| 972 843
678 384/ 5Totl 2500| 780| 138! 45/ 388 | 623 | 254| 1) 2es! 48| 275
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June 12| 28 | 11,50 48,00 1292 2.00 15 7.3 7950 288 141| 985 85
July 15|:7o| 1034| Seo| fent| smak| 10| 148| 6| 1sn || vem| im| el mm| o%| M
uly 1a ... 8 3 o 3 : 3 . W6l |
B R SO e e e et B © . T R 10.45 6,00 | 47.98 1333 214 be | 22 6870 3.43 203 | 15.08 8.65 | 4.1
IV.—ALOPECURUS PRATENSIS, ‘
Head just appearing........... Aprilld ___.. 9.21| 4.69| 5216| 18.21| 15.78| 2.52 00 | 88.2 w1l A LO8 | 11.94 | 417
Befnrej hloorl:l ... Aprill9 | .. . EJJIJ 446 | 5166 | 2240 | 13 217 53 | 409 h 0.7 1.84 104 | 1208 522 | 347
In bloom__.__.. eocisasses] ABY Llavies TG 8936 5480 2378 1081 | 1713 A0 | 00 60.0 310 184 21.78| 9.51
After bloom......._..._.._..... May 12 |..... 817 800 6485 286 862 188 07 50 | 666 | 273 117 1815 847
V.—POA PRATENSIS, ' , '
DEPARTMENT GARDEN,
Bet No. 1 wn on good soil:
Panicle jué?siaibla.... ceeeeeo| April23 | 20 8.07 488 | 48.74| 1843 | 19.88| 318 A8 | 151 76.70 1.88 104 1134 | 4380 4064
Panicle slmdlng ......... ../ May 1| 30| 551 407 5182 2283 | 16.21| 268 40 | 112 7080 | 1.61| 1.19| 1490 | 067 4.74
In full b A o ey B W 830 3.90 | 51.43| 23.76 | 12.61 201 .2 1.0 T1.90 2.53 L10 | 14.45 3.54
mdl June 5| 0| 638 425 5254| 2434 1249 200 87| 185 90| 281 1. 2317 | 1074
Bet No. 2, grown on poor soil:
Panicleclosed..................| April27 |..... 6.6l | 892 5582 21.02| 1223( 1.96 - G A | D A R = et ), A0 A
Infull bloom. ... ... . ___ v 65 .02 | R85 | 5080 | 206,46 782 128 10 7.8 60.00| 218 17.62 7.00| 242
SatNyo‘:igmwnnupwrsoil: |
Wa, @
After bloom; brown.........../ June 1| 65| 7.23| 3802| 5612 | 2385 868| 142| 25| 176 | 5540| 3.22| 1.7 10.64 | 5.90
Infull bloom. ... ...cccoee.....| May 19| 78 T.03 | 341 5582 | 23.10| 10,44 167 J4 8.4 2.62 1.15| 18,60 7.81| 8.53
Inseed; brown.........cc......| June 8| 75| 621 | 851 6858 2484| 736| 1.18 d5 | 127 || s460| 281 150 11.05 | 8.84
QUINCY, ILL. :
|
499 | 4534] 2187 | 1938 310/ 63| 203 |
8.77 2493 | 1509 241 41| 21 (|-
: 330 | 5251 275 1287| 1 35 8-
—P0A COMPRESSA. |
Poor soil: |
Paniclenot out.....c..cccc.....| June 1| 14 T 529 1819 | 10.69| 171 | *.10 5.8 6790 249 1.70| 1864 | 5.84| 8.43
Panicle well out... ce-| June 1| 28 6.81 441 | 5518 | 21.80 | 12. 1.97 b2 | 284 68.70 213| 138 | 17.27 6.87 | 3.85
Inblocm........... June 17 | 80 6.08| 452 | GR.18| 1853 | 1240 | 208 5| 222 50,70 1.78| 132| 17.05| 543| 3.72
After bloom........ | June 23| 80 51i| 3.8 18,16 | B97| 143 85 | 245 51.80| 247| 1.86 B.76 | 4.33
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The preceding analyses furnish the data from which is derived
the general conclusion that as a grass grows older its content of
water decreases, ash decreases, fat decreases, albuminoids decrease,
carbo-hydrates increase, crude fiber increases, non-albuminoids
decrease till bloom or slightly after, when it is at its lowest, and
then increases again during the formation of the seed.

There are exceptions to these rules, but for the large majority
of species, under ordinary conditions of environment they hold
good.

There are almost no exceptions to the fact, that water decreases
in the maturer specimens; that is tosay the plant gradually dries
up and becomes less succulent. The ash is very dependent on
locality and surroundings.

The albuminoids decrease in amount with great regularity, the
few cases where an increase appears being owing to the fact, that
the specimens were probably grown under varying conditions.

Although largely a matter of opinion, it would seem from the
foregoing results that the time of bloom or very little later is the
time for cutting grasses to be cured as hay. The amount of
water has diminished relatively, and there is a proportionately
larger amount of nutriment, in the material cut, and the weight
of the latter will be at its highest point, economically considered.
Later on, the amount of fiber becomes too prominent, the stalk
grows hard, arid, and indigestible, and the albuminoids decrease,
while the dry seeds are readily detached from their glumes and
logt with their store of nitrogen.

For different species, however, different times are undoubtedly
guitable, and experience must be added to our chemical knowl-
edge to enable a rational decision to be arrived at.

This work was inaugurated by Dr. Peter Collier, as chemist to
this Department, and the laboratory work for the first year was
in the hands of Henry B. Parsons, Mr. Charles Wellington, and
myself. The remainder of the work has been under my own
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supervision, and has been almost entirely carried out by Mr.
Miles Fuller and myself.”

From the foregoing statements, we conclude that grasses of the
better grazing districts, when grown in a dry season, make the
best feed, but usually less in quantity. Grasses grown in sunny
weather are better than those grown in cloudy weather or in the
shade. Woodland pastures are proverbially lacking in ‘“ heart *’
or nourishment. Grasses grown on marshes or wet land are not
so nutritions as those grown on dry land. Grasses grown on rich
loam or clay, in fine condition, are more nutritious than those
grown on poar, thin soil.

Further statements in regard to the chemistry of plant growth
will be found in the chapter on red clover.

CHAPTER 1IV.

CLASSIFYING, NAMING, DESCRIBING, COLLECTING, STUDYING.

Plant Affinity.—In the plant kingdom there are certain
genera so closely related to each other that the botanist calls
them families or natural orders. 'The plants of a family resemble
each other in many respects.

“That which really determines affinity is correspondence in
structure. It may be said that those plants are most nearly
related which correspond in the greatest number of points, and
those the most distantly in which we find the fewest points of
correspondence. The organs of vegetation are of very different
degrees of value in determining resemblance of structure. All
constant characters of whatever nature, require to be taken into
account in classifying plants according to their natural affinities.
Whatever points of structure are variable in the same species, or
in species nearly allied to each other, are unessential and should



