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PREFACE.

Turs book is addressed to pupils in their first or second
year in the high school. It assumes that Botany may be the
first science they study, and that therefore it should provide
plenty of individual work within their powers, and should
give this work unity of effect and make it evidently worth
while. In keeping with the modern scientific spirit, nutrition,
reproduction, and relation to man are made the dominant
aspects of the subject. What plants are is made to appear in
terms of what they do. Structures and processes are ‘then
interpreted both from the plant’s point of view and from man’s.
The problems set before the pupil call for definite and con-
tinued effort on his part, and for the independent interpreta-
tion of observations. The economic relations of plant life are
noted as the study proceeds, and the concluding chapters are
intended to leave the pupil with a general view of the larger
general applications of the science.

Especial importance is given to the study of seeds and seed-
lings, the parts of the full-grown plant and the principal types
or forms of the root, stem and leaf, including the work per-
formed by these parts in providing food and water, building
material, and food storage. Since the flower is an important
structure designed for the purpose of facilitating seed produc-
tion, with principal and subordinate organs for this work,
especial interest is attached to a careful study of its parts and
their structure. As the different kinds of flowers and the
different modes of their association on the flower shoot are
the result of the operation of natural laws, floral structures
and groupings naturally indicate plant relationship. Several
of these different types are therefore studied, not for the
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vi PREFACE

primary purpose of plant analysis leading to the naming of
plants, but in order to stimulate the student to recognize some
of the general facts indicating the bond which unites the
very diverse elements of the natural world. This should be
one of the chief aims in all studies of nature, not because it
is the scientific method, but because of the unconscious and
wholesome influence which it has upon the formation of char-
acter and the development of a taste for the things beautiful
in nature, in art, and in life’s best work.

Several chapters are devoted to a study of the peculiar and
unusual forms of nutrition by certain plants that have become
closely associated in this respect with other organisms, and by
the fungi and bacteria, which, lacking chlorophyll, must obtain
certain food by other means than that employed by the green
plants. In this connection special attention is given to some of
the more important micro-organisms which are beneficial to
man because of certain products of their activity, or which are
harmful as causal agents in disease. One chapter is devoted
to the study of the more useful plants of the farm, orchard
and garden or of those employed in industrial operations.
Chapters are also devoted to the principles of plant develop-
ment and plant breeding, subjects which are of absorbing inter-
est to all and of special practical importance to the farmer and
horticulturist.

In schools where attention can be given to a study of rep-
resentative plants in the different branches of the Plant
Kingdom (in most schools at least a few can be studied) the
chapters on the algae, fungi, mosses and ferns will furnish the
material and outline. Footnotes at the beginning of these
chapters suggest one or two plants in each group which can be
studied where there is not time for all. In these chapters
several more plants are treated than can under ordinary cir-
cumstances be studied in the high-school course. Their inclu-
sion in the book, however, aids in rounding out the subject, and
in most cases they will serve a purpose for special assignment
for reading, or for reference or for illustration.
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Chapters XXXIV and XXXV, on the Gymnosperms and
Angiosperms, as well as the latter portions of the chapters on
the alge, fungi, mosses and ferns, are not intended for study
except in advanced classes. Some few students, however, will .
be interested in the life histories, with the illustrative formulae
and graphic representations of life cycles, together with the
reviews showing progression in the evolution of plant struc-
tures. The author believes it is a good principle in pedagogy
to present now and then ideas and inferences upon the work
which may be beyond the comprehension of the majority of
the members of the class, of course without holding the stu-
dents answerable in any way for it. It is stimulating and sug-
gestive to most students especially if it is not required work,
and serves now and then to lift their minds out of the ‘“hum-
drum” of the regular course. A few will catch glimpses of
principles and processes in nature which will be decidedly
beneficial in the development of thought and reasoning power.

Since it is neither practicable nor desirable to lay down a
hard and fast course for all high schools, there are suggested
below several courses which are suitable for different con-
ditions.

For short courses, one half year or less: Part I, and Chapter
XXXVI (Economic or Useful Plants) with parts of Chapters
XXXVII, XXXVIIT and XXXIX. For a full half-year course
the study of an alga (Spirogyra), a mold (Bread mold), a moss
(Polytrichum or other type) and a fern may be added.

For courses in agricultural botany: Part I, and Chapters
XXVI-XXIX (Fungi), Chapter XXXVI (Economic or Use-
ful Plants), and parts of Chapters XXXVII, XXXVIII and
XXXIX.

For two half-year courses: First course: Part I, and Chapter
XXXVI (Economic or Useful Plants) and parts of Chapters
XXXVII, XXXVIII and XXXIX. Second course: Chapters
XXTII-XXXV. Several alge and fungi, a lichen, a liverwort
and moss (with a few additional types for illustration), a fern
(with several additional ones, with horsetails, club-mosses and
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quillwort for illustration), a pine (with other conifers and
Cycas, Zamia and Ginkgo for illustration).

Many of the illustrations are new and were made especially
for this book, the photographs being made by the author and
the drawings by Mr. Frank Rathbun under the author’s super-
vision. Acknowledgments are due to Messrs. Ginnand Company
for the use of a few illustrations from Bergen and Davis’s Prin-
ciples of Botany and from the author’s First Studies in Plant
Life; ‘o D. Appleton & Co. for the use of a few illustrations
from Coulter’s Botany; and to the Bureau of Forestry and the
Bureau of Plant Industry, U. S. Dept. of Agriculture, for some
photographs which are acknowledged in connection with the

illustrations.
G. W. A,

CorNELL UNIVERSITY, 4pril, 1910.
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PART L
GROWTH AND WORK OF PLANTS.

CHAPTER 1.
PARTS OF SEEDS AND HOW SEEDS GERMINATE.

THE BEAN.

1. Seed of the common garden bean.—There are many varie-

ties of garden beans but the form of the seed is often slightly curved
or kidney-shaped as seen in side view. Upon the concave side
there are distinct markings. There is a scar (= hilum) about the
middle line. This is the point where the seed was attached to
the wall of the bean pod as can easily be seen in the case of young
beans by opening the pods. On either side of the scar is a minute
mark. One of these is slightly larger than the other and often
appears when examined under a hand lens to be somewhat heart-
shaped. It is continuous with a short elevated line on that end
of the bean. This slightly elevated line is the
raphe (fig. 1). Itis formed by the stalk of the
ovule (the very young stage of the seed in the pod)
.which is attached at the end of the bean and
here is bent around and joined to the edge. On
the other side of the scar and near it is a minute
opening, the micropyle. The root of the embryo
lies beyond this just underneath the seed coats. Fig. 1.
Its position is often manifest by a prominent el e A
elongated elevation especially when the bean is ﬁmm;crr(;%’gg 3
swollen after soaking in water. e

2. Parts of the bean seed.—When beans are soaked for a

few hours in water the seed coats take up the water faster than
I
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e
C *

oothe embryo <md cquseqhently swell faster and become much
“*“wrinkied. < The seed coats thus become loosened from the embryo
within and can be easily slipped off. After a time the embryo
swells by imbibition of water and the seed becomes plump again.
When the seed is split in two lengthwise by cutting the seed coats
along the convex side, the two halves can be laid open. These
two fleshy bodies are the seed leaves or cotyledons, and the rest of
the embryo is attached at one
N\ end to one of the halves, its attach-
ment being broken away from the
W other. The rootor radicle lies at
; ) one end next the seed coats and in
the entire bean seed causes the

Fig. 2. . ~ .
Bean seeds soaking and swelling; read SDOTt elevated line at this end

e e of the seed. At the opposite end

is the plumule, consisting of two or four membranous leaves now
somewhat triangular in form and marked with fine lines or veins.
The stem of the embryo is short, and is that part of the embryo
to the upper end of which the cotyledons are attached, and to
the lower end of which the radicle is attached. This part of the
stem is the Zypocotyl.

8. Germination of the bean.—In germmatlon the radicle
elongates more rapidly at first than
the other parts, soon pierces the
seed coat near the scar and forms
a long, slender, conical, primary
root. The root hairs soon appear,
forming a dense velvety covering
over the root a little distance back
from the tip. As the stem, and
leaves of the plumule, which lie
between the cotyledons, increase in

” Fig. 3.
size the seed coats are ruptured’ Beanseed splitin two, showing plantlet

3 (radicle and plumule) at one end.
by the pressure and are usually

cast off in the soil. The part of the stem which lies be-
tween the cotyledons and the root now elongates very rapidly
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and arches up in the form of a loop. It is this loop which breaks
the way through the soil, since it would be a difficult task for

Fig. 4. Fig. 5.
Bean seeds germinating, seed coat slipping off, Beans germinating, one cotyledon removed,
showing expanding plumule.

the slender stem to push the bulky cotyledons up ahead of it.
The cotyledons are therefore
pulled from the ground as
the loop straightens up after
emerging from the soil. This
portion of the stem (hypo-
cotyl) becomes quite long in
the bean, but is quite short
in the corn. The cotyledons
are thus lifted above the
ground. They become more
or less shrivelled and shrunken Fig. 6.
because of the food substance Fitst YthTO%age‘fimh';;ab?ocgmshg:t?getlézt}'rxgélggé
p pulled out, next casting off the seed coat, last the
withdrawn for the growth of plant erect, bearing thick cotyledons, the expand-
. ing leaves, and the plumule between them.,
the seedling, and finally fall :
away, as the young membranous leaves expand and the stem
elongates.
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4. In the scarlet runner bean, and in the pea, the hypocotyl
remains short so that the cotyledons are left in the ground. The
portion of the stem above the cotyledons elongates and forms the
loop as the seedling emerges from the soil so that the tender leaves
and plumule are not injured, as they w ould be if pushed up while
they are standing erect.

THE CASTOR BEAN.

5. The castor-oil bean.—The seed of the castor-oil plant is
often called a bean, castor-oil bean, or castor bean, because it

Fig. 7.
Castor bean seeds sprouting.

resembles a bean somewhat in shape.
It is, however, not a true bean, but
belongs to the Spurge family. At the
smaller end of the seed there is a mass
of spongy tissue which covers the hilum.
This is called the caruncle. Its func-
tion is to absorb moisture and thus
provide for the passage of water
through the hilum end of the seed,

- 5 Fig. 8. -
where it passes more readily than Castor bean germinating. At

right, section showing the two thin
through the outer parts of the hard cotyledons lying between the en-

. 3 dosperm.
seed coats, which are smooth as if 8

varnished, and not so absorbent as the dull more porous part
of the coat which lies under the caruncle. When the seed is
cut open there is seen a mass of white mealy substance, the
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endosperm,* which is covered by a thin papery material.t The
embryo lies within the endosperm; its radicle at the end next
the caruncle. The two cotyledons are thin and covered by the
endosperm.

6. Germination of the castor bean.—The spongy substance
of the caruncle becomes much swollen by absorption of water.
In germination the swelling of the embryo and endosperm by
the absorption of water bursts the rigid seed coat causing it to
crack lengthwise, so that a portion of the endosperm can be seen
through the crack. The radicle emerges from the end where the
caruncle is located. The hypocotyl, which is very short in the
embryo stage, now elongates. The seed being bulky is not readily

Fig. 9.
Germination of castor-oil bean.

pushed up through the soil. The hypocotyl part of the stem arches
upward forming a loop and as it elongates and endeavors to
straighten up it pulls the “seed” from the ground. Figure g
shows different stages. The hard seed coat gradually slips off.
The white endosperm is now very distinct and is seen to cover up
the cotyledons which remain closed. It can be seen, however,
that the endosperm is “ wasting away,” that it is being absorbed
through the outer faces of the cotyledons. By this means, they are
exposed to the light and take on a green color. The mass of the
endosperm becomes less and less, until finally there is but a thin
* The endosperm is food stored in the seed outside of the embryo.

t This papery lining is the dead remnant of the nucellus which was used
up in the growth of the endosperm. See Chapter XXXV.
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film or remnant which dries. The food stored in the seed here
has, therefore, been completely used up by the embryo during ger-
mination, and the cotyledons have served as the absorptive organs
for this food.

Fig. 10.

Seedlings of castor-oil bean casting the seed coats, and showing papery remnant of the
endosperm.

7. The embryo of the castor-oil bean presents a type very
different from that of the bean as we can readily see by a com-
parison. Yet the two types so different in form and structure
are very similar when we consider the relation of the food sub-
stance to the cotyledons and the function of the latter in absorption
of this stored food. It should not be difficult now to understand
how the embryo of the bean and pea during the formation of the
seed can absorb the endosperm through the cotyledons though
it is stored in the cotyledons as food for the embryo during
germination and the early stage of the seedling.
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side to the stem or caulicle and this point of connection can be seen
quite clearly. This is the scutellum of the embryo, so called be-
cause of its form and the central attachment at one side which
resembles a little shield. The stem or
caulicle, the leaf bud, or plumule, the'
root or radicle, the root sheath, and the
scutellum or cotyledon, make the young
embryo in the corn seed. There is still
a large bulk of the content of the grain

Fig. 15. " * " g
Com grains sprouting; s. Which lies against the scutellum. This

h; cot. cotyledon; pl. plu- .
e iy i vt ehenth. 15 known as the endosperm. In the corn

he sheath still covering the roof. . » .
thesheath still covering theroot: it is largely made up of starch which

is stored food for the young embryo when the seed germinates.

12. Germinatijon of the corn.—The root sheath usually
emerges first with the radicle of the embryo still enclosed.
While the root sheath is still
short, lengthwise sections will
show that it has ceased to elon-
gate, and the root has pushed
through it at one end.

Fig. 16. Fig. 17.
Germination of corn grains, showing origin Germinating corn grains. Plumule and
of first lateral roots. Note the radicle (pri- primary root have emerged.

mary root) emerging from the root sheath.
In right-hand seedling note the remains of
root sheath from which the radicle emerged.

At this stage sections also show, when made through the middle
line of the embryo, the origin of the first two lateral roots. One
of them lies inside in the axis of the scutellum and the leaf,

while the other lies opposite underneath the coat of the groove
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(see fig. 16). They are really adventitious roots since they arise
from the stem. The true lateral roots arise from the primary
root and extend in a nearly horizontal direction, and the branch-
ing of these finally results in a great mass of fibrous roots radiat-
‘ing in all directions in the upper soil layers. About the same
time or very soon after the root emerges, the conical fold of the
leaves emerges from the other end of the groove. This conical
form of the folded leaves wedges its way directly upward through
the soil. The leaves elongate and unfold.

THE PINE.

13. The pine seed.—The seeds of the pine are formed on
the upper (inner) surface of the scales of the pine cone (see
paragraph 529 on cones of the pine). The seeds
are oval and somewhat compressed and flattened,
and attached to the lower end of the scale, two
on each scale. As they become freed from the
scale a long, thin and broad strip of the scale
splits off and remains attached to the seed as
a wing. A section of the seed shows the thin
papery remnant of the nucellus lying between the

Fig. 18.
Pine seed, section

of. sc. seed coat; u, i h
o it gt coatt m seed coats and the white mass of the endosperm.

end. endosperm (= Within this lies the embryo. The root and stem

female gametophyte);

emb. embryo = young
sporophyte. Seed coat together ,form a

and nucels = ro. straight cylindri-
g e T cal portion, and
at the stem end there is a crown
of small needlelike leaves, the seed
leaves or cotyledons. The cotyle-
dons are numerous in the pines.
The embryo is entirely destitute of = -
CthI'Ophyll, but during germina— Embs;i. I:f‘ white Pine ;i;l?l.lg just
tion, even if the seedlings are grown Ping removed from - cmerging from the
in the dark the leaves become ctyledons:

green. In germination the radicle emerges from the micropylar
end of the seed. The hypocotyl elongates and forms aloop which

pulls the leafy end of the stem and the cotyledons from the ground.
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CONCLUSIONS

14. The seed.—A seed is a plant structure composed of the
embryo plant surrounded by the seed coats. The seed coats are
formed from the walls of the ovule. The seed is y
capable, by the growth of the embryo, of produc- B
ing a plant similar to the parent.

The embryo is made up of the three principal
parts of the plant, the root, stem and leaf, but
these parts are in a
very rudimentary form.
Squash, pea, bean, castor e
bean and apple seeds
are examples of clearly
defined seeds. The
“shell ” of the squash
or apple seed or the
membrane which can
be slipped off from a
pea or bean after being thor-
oughly soaked in water, is
made up of the seed coats.
The entire content of the
squash or almond seed is the

embryo.
15. Food stored in the .
seed.—Nearly all seeds have 2ty ol ooz | Pt
I X T P e L
food stored in them to furnish Fugg e %f-‘f;%,/ )
nutriment for the embryo plant : Fig. 21.

i 3 : el i A \
from the time of germlnatlon White-pine seedling casting seed coats.

until the seedling has established itself in the earth, where it can
obtain its food from the outside. In the squash, bean, pea, etc.,
the food is stored up in the two first seed leaves (cotyledons)
which make the bulk of the embryo and are easily recognized
as the two fleshy halves. In other seeds, as in the castor bean,
the corn, wheat, etc., the food is stored around, or at one side of
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the embryo, within the seed coats, and is then known as endos perm
(literally the inside of the seed).

- 16. Conditions of germination of seeds.—In order that the
seeds of plants may germinate, certain conditions must be fulfilled.
First, the seed must be good; ie., it must meet certain internal
conditions, as to maturity, age, and the vitality of the embryo.
Second, the external conditions must be favorable. Seeds vary
a great deal as to their viability according to age, etc.; some seeds
must first pass a resting period of several weeks or months before
they will germinate. For most seeds there are three external
conditions which must be present in order that they may germi-
nate; air, a suitable amount of moisfure, and a suitable degree of
warmth. In the absence of these conditions the seeds remain
dormant for a period of time ranging from a very few days in the
case of some kinds to many years in the case of others. If the seed
is dry it will resist great extremes of cold (many degrees below
freezing) and warmth. If the seed is moist it will resist these
extremes for a shorter period. Extreme cold prevents or retards
germination of the seed. Growth begins slowly at about 6° C.
(about 43°¥.), and increases with the elevation of the tempera-
ture up to an optimum, which is often different in different plants,
and then decreases with higher temperatures until at a maxi-
mum temperature growth ceases. Germination may begin in the
absence of air (of oxygen) but soon ceases.*

* In the practical work exercises can be arranged to demonstrate the
influence of these conditions on germination.



CHAPTER II.

NATURE OF FOOD STORED IN SEEDS AND OTHER
PLANT PARTS.*

17. In the study of the parts of the seed it was found that
the seedlings are able to make considerable growth when not
supplied with food from the outside. This
growth goes on at the expense of food stored
in the seed. This food was stored up in the
seed during its formation in the ripening of
the fruit. In some seeds it is laid down out-
side of the embryo and is called endosperm,
as in the grain of corn, wheat, castor bean,
etc. In others, while it was first formed as
endosperm in the young seed, it was largely
or completely absorbed by the embryo during

the ripening of the seed, as in the bean, pea, | Fig. 2.
3 Vot 2 Section through grain of
squash, sunflower, etc., where it is stored in comn. sc. seed coats; st.

starch, the aleurone layer

the cotyledons of the embryo. In the study lies between the starch and

seed coats; cof. cotyledon

of the seeds we have found the general (here the scutellum); r. rad-

- 5 icle enclosed root sheath;
location of the food substance. We wish 2. plumule.

now to learn more particularly the form in which it is stored, its
nature, as well as the special receptacles and their arrangement.
The special receptacles are the cellst of the endosperm, the coty-
ledons, etc., where the food is stored.

* Tt will probably be found convenient to study the nature and location
of food substances while the student is studying the various seeds, bulbs,
shoots, roots, etc., but this short chapter is introduced here in order to
avoid the unnecessary description of them with each different object
studied.

T A cell is a unit of microscopic structure in plants. It is like a minute
box with cellulose for its walls. Living and growing cells contain the life
substance (protoplasm) which has a complicated structure. In some plants

I3
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18. Minute structure of the coats and outer layer of food
reservoir in corn and wheat grains.—This structure is deter-
mined by a study of a thin section cut from a grain and extending
through the outer surface and a short distance into the interior or
flour part, and magnified by the use of the microscope. Figure 23

G

i Soorpmocece

m - S

Fig. 23.

Section through exterior part of a grain of wheat. ¢, cuticle, or outer layer.of bran; ep, epi-
dermis; m, middle layer; 4, 7, layers of hull next to seed coats; s, sy, seed coats; p, layer
containing proteid grains; s¢, cells of the endosperm filled with starch. Greatly magnified.
— After Tschirch.

is from a wheat grain, and the parts are as follows: the outer layer
of cells (ep) is the epidermis, and upon this is the cuticle (¢); next
are a few layers of cells (m) the middle layer of brown, and next
(4, 1,) comes the inner layer of brown.* Together these are some-

the protoplasmic units are not bounded off by cell walls, still in general we
can say that the cell is the unit of structure, at least of the tissues of the
higher plants. A /issue is a group of cells of one kind, or in some cases of
different kinds united together.

* These three portions of the brown layers are not a part of the seed.
They are a part of the fruit and are in reality the wall of the ovary inside of
which the seed is formed. If this brown layer could be entirely removed
from the grain of corn and wheat the remaining part of the grain would be
the seed. While then we speak of the grain of corn and wheat as seeds we
should remember that this usage is not technically correct, for the walls of
the seed capsule are consolidated with those of the seed.



NATURE OF FOOD STORED IN SEEDS 15

times called the bran layer. The two layers of cells (s, s,) are the
two seed coats (the outer and the inner seed coats. See the for-
mation of the seed, paragraph 305.) At p is the aleurone layer,
the cells containing proteid grains, and at s¢ are the starch con-
taining cells.

19. The aleurone layer.— Lying just within the seed coats is
a single layer of very regular cells rectangular in outline and nearly
cuboidal in form. They are packed with fine granular content.
This layer of cells is the aleurone layer. The granules in the
cells are proteid grains or aleurone grains. These proteids form
one of the food substances stored in many seeds. The aleurone
layer is rich in nitrogenous food, the proteids being a nitro-
genous substance containing nitrogen (N), carbon (C), hydro-
gen (H), oxygen (O), sulphur (S) and sometimes phosphorus
(P). This forms the most nutritious part of the flour, and it is
well known that nitrogenous foods, both for plants and animals,
are much less abundant and more costly than most other foods.
These proteids are in composition very much like the albumen,
or white of egg.

20. The starch in the endosperm.—Just inside of the aleu-
rone layer is a tissue of large angular cells filled with coarse
whitish grains. These are starch grains. Starch does not con-
tain nitrogen. It consists of three elements, C, H, and O.*
The starch grains vary greatly in size, and in some plants they
are much larger than in others. If the section of a grain of
wheat or corn is treated with iodine the starch is stained blue
while the aleurone layer is stained brownish yellow.

21. Starch.—Starch is stored in plants usually in the form
of grains which are deposited inside the cells. While these
grains are microscopic in size, they vary a great deal in different
plants. Commercial starch, while it will give the reactions for
starch, is not suitable for the study of the grains, since they are
destroyed in its preparation. Starch becomes blue by treat-
ment with a few drops of a tincture of iodine, or, better, a solu-
tion of iodine in potassium iodide. Sometimes the color is more

* C,H,,O4.
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or less of a purple or violet shade. We should distinguish be-
tween reserve starch and transitory starch. Reserve starch is
that which is stored in special receptacles for future use and is
that which is utilized by man for commercial purposes. Transi-
tory starch is that which is formed during the day, and at night
is transported to the reserve organs. Reserve starch grains are
usually much larger than transitory starch grains.

Fig. 24.
A . Photomicrograph of starch graing B. Photomicrograph of starch grains
from potato. from potato, polarized light.

22. Form and appearance of starch grains.—In the potato
tuber the starch grains are packed in the cells. The grains are
of quite large size as compared with many other kinds of starch.
They present a very interesting and characteristic structure.
The grain appears to be stratified, the strata often being in excen-
tric layers. In potato starch these strata are usually in excentric
rings about a single spot called the hilum. These layers are
supposed to be made up of alternate dense and less dense layers
of the substance. Potato starch grains are oval to rhombic in
form. Starch grains of the corn are more or less angular and are
much smaller than those of the potato. Those of the bean and
other legumes are more or less kidney shaped. In the corn and

bean starch grains there are often radiating lines from the hilum,
h
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which ap,  ar like fissures. The starch grains of wheat are of two
kinds, very small ones, and quite large ones mixed in with them.

23. The starch grains are surrounded by a thin coating of
cellulose, a substance similar to that of which the cell walls of
plants are made. This must be dissolved before the plant can
use the starch for food. The plant dissolves it by the use of
certain cellulose ferments manufactured by it, and then the starch
is dissolved by the diastase ferment (paragraph 180). A similar
diastase is present in the saliva of man, but this will not act on
the starch grains unless the cellulose coat is broken, or dissolved
by some ferment. Heat causes the starch grains to swell. If
they are mixed with water, gentle heat changes the grains to a
paste. If dry, the cellulose '
coat is ruptured as the starch
swells, Thorough cooking
of starchy vegetables and
fruits makes them easier of
digestion.

24. Corrosion of starch
grains during germina-
tion.— Since plants cannot
absorb solid particles of food,
the embryo in the seed can-
not use the starch for food
until after it is dissolved.
The embryo has the power
to excrete a juice or ferment
(diastase) which acts on the
starch grains, dissolving them
and changing them to a Fig. z5.

o p Cell of endosperm of Indian corn, containin,
sugar. Durl_ng this process polygonal starch grains, separated by thin lates o
the starch grains become DfsePfiom a sermining Tndisn torm gra are
corTodedt i lonee the acor- becoming dissolved and disintegrated.—After Sachs.
roded starch grains, take some of the endosperm of the grain
of corn at different stages of germination and examine under-
the microscope. In comparing the appearance of these starch
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grains with those in ungerminated seeds, the results of the cor-
rosion are clearly seen.

25. Sugar.—Sugar is a substance closely related to starch.
Commercial sugar is usually in the form of crystals, or when
liquid it is known as syrup or molasses. In the plant it occurs
in the liquid form since it is dissolved in a quantity of water.
If it were thick like molasses,
or in the form of crystals like
commercial sugar, it would
" be so strong as to kill the
plants because it would draw
so much water, by absorp-
tion, from the surrounding
tissue, that the protoplasm
would be destroyed. The
sugars found in plants are of
three general kinds: cane
sugar or sucrose abundant in
sugar cane, sugar beet, sugar
maple, etc.; fruit sugar or
glucose found in the fruit
el R e B i e
striz; @, granules of aleurone; 7, %, intercellular abundant in some, as 1n
A e apples, pears, grapes, etc.,
(in many fruits and other parts of plants both glucose and cane’
sugar are present); and mal¢ sugar or maltose, as in malted barley.

26. The presence of grape sugar can be determined by add-
ing a solution of the substance to * Fehling’s solution.” Grape
sugar “ reduces ” Fehling’s solution. It causes the precipitation
of copper and cuprous oxide, a reddish substance. The presence
of cane sugar can be determined by adding a solution of cobaltous
nitrate (5 grains cobalt nitrate in 100 cc. distilled water) to a solu-
tion containing the cane sugar, followed by the addition of a strong
sodium hydrate solution. A beautiful violet color appears. Grape
sugar treated in the same way gives a blue color which gradually
changes to green. Cane sugar can be changed to grape sugar (or
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invert sugar, as it is sometimes called) by adding a few drops of
strong hydrochloric acid to a solution of cane sugar and boiling
for a minute or two. By neutralizing this with sodium carbonate,
Fehling’s solution can be used to show that it is grape sugar. If
Fehling’s solution is added to a solution of cane sugar, and boiled,
it will be inverted to grape sugar as the red precipitate will show.
Both kinds of sugar are sometimes found in the same plant tissue.
Both are apt to be present in the branches of the sugar maple during
the autumn, winter or spring.

27. Proteids.—Proteids have been mentioned as being present
in the aleurone layer of wheat. They also occur in the seeds
of other cereals. They are present in considerable quantity in
beans and other legumes. They form the principal food storage
in the thick leaves of the onion. Their presence can be deter-
mined by adding a small quantity of strong nitric acid to portions
of the tissue and then heating. A pale yellow color appears.
If a small quantity of ammonium hydrate is now added the color
is changed to orange.

28. Experience shows that several food substances are
present in the same object studied. For example, starch, sugar
and proteids are present in the potato tuber, but starch is more
abundant than the other substances.

29. 0il.—Oil occurs in the tissues of various plants, but espe-
cially in certain seeds as cotton seed, flax seed, and in many nuts.
The fatty oils occur in the form of small translucent drops in
certain cells. The oil is obtained from seeds and nuts by, sub-
jecting them to great pressure. Osmic acid blackens the oil and
its presence in tissue can be detected by the use of this reagent, or
by soaking pieces of the tissue in Flemming’s solution which con-
tains osmic acid.

30. Inulin.—The food substance stored in the roots of certain
composite plants, like the Jerusalem artichoke (Helianthus tuber-
osus) and the dahlia, is in solution. Inulin is precipitated into
sphaero-crystals by prolonged immersion of the tissue in alcohol.
Many of them are sometimes present in a single cell. They show
peculiar radiate and concentric markings.




CHAPTER IIIL

GROWTH OF ROOT AND STEM.

31. Direction of growth.—In studying the germination of
seeds one fact becomes very evident which perhaps was familiar
before, that the root grows downward and the stem upward. This

Fig. 27.

Pumpkin seedlings, the root
marked in left. Right one show-
ing where growth took place in
twenty-four hours.

is very important for the plant in order
that its parts may establish a congenial
relation to their surroundings, and be in
a position to perform their work, the root
in the ground and the foliage shoot in the
air and light. When seeds are scattered
by natural means or are sown by the
farmer or gardener they fall in various
positions. The seed may lie so that the
embryo is upright and the root already
pointing in a downward direction, or it
may be horizontal or inverted. Neverthe-
less, the root when it emerges from the
seed turns downward to enter the soil, and
the stem turns upward. Some seeds which
are carried by the wind are so balanced
that the root end of the embryo hangs
downward (many composites, the clematis,
etc., see chapter on seed distribution).
32. Region of elongation in roots.
— The region where elongation takes
place in roots is determined by a careful
plotting of the root into a number of
small sections, and by keeping the seed-

ling in an upright position in moist air. Subsequent observa-
tions and a careful plotting of the root from day to day shows

20
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“that the elongating part of the root occupies a certain area back
of the tip. This elongation is due to the elongation of individual
cells which are constantly being formed in the growing point of
the tip, and are left behind. These cells elongate slowly at first,
then rapidly and then slowly again until they cease to elongate.
All of the cells in one cross area of the root grow at about the same
rate at the same time. Their united action then is manifest in
the slow elongation of the root just back of the tip, its more rapid
clongation further back, followed by the slow elongation again
until elongation finally ceases.

33. Region of elongation in stems.—The region of elonga-
tion in stems is determined in a similar way. It occurs just back
of the growing point, but covers usually a greater area than in the
root.

34, The motor zone in roots, or region of curvature.—
After a seedling or a plant has been growing in one direction for
a time, if its position be changed so that the root and stem are in
a horizontal position, or
at any angle from the up-
right, the root and stem
will curve so that the root
grows downward and the
stem upward. The region
of curvature of the root
under these circumstances
corresponds with the re-
gion of elongation. This
curvature is made possible

¥ Fig. 28.
because the cells in the Bean_ seedling placed horizontally and marked to

; how wh v
region of the root are all S Where the root bends

elongating. Those on the upper side of the root elongate more
than those on the underside and bring about the curvature.

35. The perceptive zone in roots.—The perceptive zone in
roots is that part of the root which receives the stimulus causing
it to turn downward. It is, therefore, a sense organ.

The stimulus which causes tiie root to turn downward is initiated
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by gravity. We must be careful, however, not to confuse this
stimulus from gravity with the pull which gravity exerts on all
bodies. For example, if we lift a seedling and then “let go ” of
it, it will fall to the ground, or until it meets some object which
intercepts it. It is not this force of gravity which causes the roots
of plants to grow in a downward direction. Gravity merely in-
itiates a stimulus in response to which the root turns downward.
It has been found that this perceptive zone, which perceives the
stimulus, is in the root tip. While the root tip receives the stimu-
lus, this is not the part of the root which curves. The curvature
takes place in the motor zone, or region of growth by elongation.
- The stimulus received by the sense organ in the root tip is carried
back to the growth region, and the cells on the upper side of the
horizontal root elongate faster than those on the under side, and
the curving results.

36. How it is determined that gravity stimulates the root
to grow in a downward direction.—This is shown by con-
stantly changing the position of the root, so that the stimulating
influence of gravity is neutralized and does not act for a long
enough time in one direction upon the sense organ in the root tip
to accumulate a sufficient amount of excitation from the stimu-
lus. This is done by pinning seedlings in various positions upon
an upright revolving disk or wheel. The wheel is revolved
slowly, and dripping water is used to keep the roots moist. The
roots and stems will continue to elongate in the same direction
in which they were placed. The wheel can be revolved by a slow
small stream of water from the hydrant, or by clock arrange-
ment.

37. Geotropism.—The direction of growth of stems and
roots, when uninfluenced by light, as shown in the preceding
paragraphs, is caused by the stimulus from the influence of
gravity. This stimulus causes a turning of the stem or root in a
definite direction in relation to the earth. This phenomenon is
called, therefore, geotropism, which name means literally earth
turning, since the earth in this case is the body which provides
the gravitation influence. The turning of the root towards the
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earth is positive geotropism, or progeofropism. The turning of
the stem away from the earth is negative geotropism, or apogeo-
tropism. The primary root is :
therefore progeotropic, the pri-
mary stem is apogeotropic.
Lateral roots show transverse
geotropism, or diageotropism,
since their direction of growth
is sideways or lateral.

38. Change in the direc-
tion of growth of lateral
branches.— This takes place
when the main shoot or
“leader” is destroyed or re-
moved. One or more branches
change from growth in a lat-
eral direction to an upright
direction. This is very strik- Fig. 29.
ing in certain trees like some - Pep scedling; latcral roots furning downward
conifers (pines, spruces, etc.).

When the top of a young pine is cut off one or two of the lateral
branches gradually curve upward and take the place of the
leader. This is sometimes very common in the white pine where
the larva of a beetle kills the top of the main shoot or leader.
Pine or spruce trees struck by lightning in such a way that a
large part of the top is broken off, present a few years later a
very singular appearance, the topmost lateral branches remain-
ing spread out for some distance. They are too old and firm for
one or two of them to turn upward and take the place of the
“leader.” But a number of small branchlets on the upper sur-
face of several of these lateral branches grow directly upward
making a small forest or grove of trees in the top of a single

tree.

39. Work performed by roots in penetrating the soil.—
One of the important kinds of work which the roots perform is
the penetration of the soil or substratum where the plant is
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growing. Even where the soil is quite hard and compact we
often find it permeated with a perfect maze of delicate roots.
The action of the root in penetrating the soil is much like that of
a wedge, except that the driving force is different, and the for-
ward movement of the root
lies in a short section just
back of the tip which is
constantly shifting from old
cells to new ones. The
driving force for forward
movement in the root comes
from the growth of the cells
in the zone of elongation,
while the widening force
comes mainly from growth
in thickness. Since the
Fig. 30. driving force comes from
Roots of peas entering soil after anchorage by root elongation of cells near the
o tip of the root, the older
part of the root must be held in place, otherwise the root
would simply be pushed backward out of the ground. If the
seed germinated when on the surface of the ground the root
could not well enter. In case of the seedling the root hairs serve
to anchor the young root until the lateral roots are formed, when
the young root system as a whole furnishes the anchorage. The
tip of the root is pushed with considerable force against the soil
particles in advance, and being conical in form turns them to one
side. The rigidity of the older parts of the young root, as well
as the wall of earth around it, prevents the root from bending.
40. Force exerted by growth.—The force exerted by roots
and stems as a result of growth is remarkable. Even in the case
of young seedlings the hard crust of the soil is often broken as
the stem rises. In rocky places it is a common thing to see small
crevices in rocks, where the slender roots of trees enter, broaden,
and the rock is split apart as the root enlarges. The force exerted
by such delicate plants as mushrooms is seen where they burst
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through hard dry ground. One should improve the opportuni-
ties for observing all such phenomena when occasion offers.

41. Influence of light on the direction of growth of stems
and roots.—Besides the stimulus of gravity there is the stimu-
lus of light which influences the direction of growth of stem and
root. Roots are mostly in the dark and therefore are rarely
influenced by light. When seedlings of certain plants are grown
in water cultures and have a one-sided illumination the roots
turn away from the light, but since geotropism is also acting on
them they are turned obliquely to one side. In the same way
when the stems have come above ground they are still under
the influence of the stimulus of gravity. But the stimulus of
light is usually more powerful and has more influence in deter-
mining'the direction of growth of the stem and its branches. Light
thus has a very important influence in determining the form of
the stem. The stimulus of light causes the stem to turn toward
the light.

42. Heliotropism.—The turning of plant parts under the
influence of light is called /eliotropism, a turning toward the sun,
or light, or more properly speaking, a turning influenced by the
stimulus of light. Heliotropism then is the name given to the
phenomenon in its broadest sense. Positive heliotropism or pro-
heliotropism is a turning toward the light; negative heliotropism
or apoheliotropism is a turning away from the light; and trans-
verse heliotropism or diaheliotropism is a lateral turning under

the influence of light.



CHAPTER 1V.

ROOTS, THEIR KINDS, MECHANICAL WORK AND
STRUCTURE.

43. There are two kinds of work which nearly all roots per-
form: First, the absorption of water and food solutions; second,

Fig. 31.
Tap roots of parsnip and carrot.
Such fleshy ones are also called crown
tubers.

that of attachment and support for
the plant. In addition there are cases
where roots of certain plants serve
other purposes as well, for example,
where they serve as storehouses for
food. In some of these the root takes
on a special form which enables it
to hold large reserves of food. Such
food reservoirs are seen in the sweet
potato, the tuber-rooted sunflower,
dahlia, carrot, parsnip, etc. Inother
cases food materials are held in re-
serve during certain seasons in large
roots of trees, or in roots of peren-
nial or biennial plants, where they
are not specialized as food reser-
Voirs.

ROOT SYSTEM.

44. The root system of a plant
includes all the roots of a single plant,
but has special reference to the form,
the branching of the system as a
whole determined by the mode, ex-
tent, direction and character of the

branching. There are several types
26
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of root systems, and these are seen to be peculiar to certain plants.

For example:

45. The tap-root system.—Plants possessing a tap-root
system are those which have a prominent root called the tap
root, which is stout and extends downward to some depth in the
soil, as in the dandelion. This is usually developed from .the
primary root. There are numerous lateral roots but they are
usually slender. The carrot, parsnip, etc., are other examples.
The fibrous-root system is very different. The roots are com-
paratively slender and much branched, as in the bean, corn,
etc. Fascicled roots. Thickened or fleshy roots developed in

clusters or fascicles are called fascicled roots. A good example is

seen in the dahlia with a tuft of stout fusiform roots.

Fig. 32.
Fascicled roots of the dahlia.

46. Relation of root system to the soil.—The relation of
the root system of plants to the soil is a very important one, and
is governed to some extent by the nature of the soil, the moisture
content and distribution of the plant food. Plants with a tap-
root system have an advantage over those with a shallow fibrous-
root system in dry soils or in dry weather, since the roots are able
to reach the moisture at the lower levels in the soil. Evaporation
removes the moisture from the surface layers rapidly in dry
soil and in dry periods, and plants with a root system developed
near the surface are the first to suffer. Hickory and walnut
trees have a tap root which extends to great depths in the soil,
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and have little difficulty in obtaining the necessary water in dry
soils or in dry seasons. Cone-bearing trees, the pines, spruces,
etc., have a shallow root system, and are especially suited to
growing in regions where plant food is chiefly confined near the
surface of the ground. Plants growing in the desert, except the
annuals, which grow only during the rainy season, usually have
a root system which extends to a considerable depth in the
soil.

47. The mesquite tree of the Southwestern States and Mexico
is a remarkable example of the relation of the roots to the soil
under different conditions. Where the soil is not very dry it
forms a large tree and the roots do not extend very deeply into
the soil. In the very dry regions, however, the tree attains a
height of only two or three feet and it extends its roots very
deeply into the soil, sixty feet or more, to obtain water.

KINDS OF ROOTS.

Besides the variation in the root system of plants, there are
several kinds of roots which do special work for the plant.
' 48. Aerial roots.—These are most common in the case of
many tropical plants which grow on trees. Such plants are
epiphytes. The roots here serve as grapplers to attach the plants

Fig. 33.
Aerial roots of wandering Jew (Tradescantia).

to the limbs and trunks of trees. Good examples of these can be

seen in the case of many tropical orchids which are grown in so

many greenhouses. Some of the roots dangle in the air and are

provided with a special sheath of spongy tissue (the wvelamen)
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which absorbs moisture from the air. Another example common
in greenhouses is the wandering Jew (Tradescantia). The
aerial roots grow from the joints, usually two roots from each
joint. Good examples of aerial roots can be seen in the case
of the climbing poison ivy, English ivy, trumpet creeper, etc.
These serve to hold the vine to the tree or other support on which
it is climbing.

49. Bracing roots, or prop roots.—In some plants where
the fibrous-root system in the soil is not sufficient to support the
heavy plant upright, aerial roots , :
are developed a short distance
above the ground and as they
reach the soil serve to prop or
brace the plant. Good exam-
ples are seen in the Indian corn,
and in the screw pine grown so
commonly in greenhouses. A
classic example of prop roots
is seen in the banyan tree of
India where numerous roots
grow downward from the wide
spreading branches. The man- Bracing roots of Indian corn
grove along the coast in the subtropical regions of Florida is
another example. :

50. Strangling roots.—In some tropical countries there are
trees (Clusia) which begin their life as seedlings on other trees
from seeds which have lodged in the fork of a branch or some
other landing place. Slender roots grow down to the ground, one
of which forms this part of the trunk. Other roots coil around
the foster tree. When the Clusia becomes a large tree these
roots wrapped around the foster tree tightly strangle and kill it.*

51. Fleshy roots, or root tubers.—There are roots or por-
tions of roots which have become large and fleshy, as in the
sweet potato or the dahlia. Such roots are reservoirs where
plant food is stored to be used later by the plant for growth or

% See ““A Tragedy of the Forest,” Torreya 8, 253-259, 1908,
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seed production or for starting new plants. In the sweet potato
the food is stored as sugar, while in the dahlia it is stored as
snulin, common in many composites. In the natural condition
it is in solution, but by prolonged immersion of the tissue in
alcohol the inulin is precipitated in the form of spharo crystals.
52. External structure near and including the root tip.—
The principal general features in the structure of roots can be
obtained in the study of the roots of seedlings. The form of the
extreme tip is conic, and it consists of a group of cells which are
loosely held together, especially on the outer surface, where
they constantly become free and die. This is the roof cap, and
it protects the delicate growing cells just back of the tip. A
splendid example of the root cap is afforded by the screw pine.
It is very large and can very readily be seen on the prop roots
before they reach the soil. Another interesting example is found
on the roots of the water hyacinth common in some of the streams
of Florida and sometimes grown in aquaria in greenhouses. The
root cap is long and can be very easily pulled from the root and
then slipped on again. Just back
of these loose cells and still near
the tip, the surface of the root is
smooth and the cells are united
closely and firmly. The outer layer
of cells, somewhat elongated and
rectangular, forms the “skin” or
epidermis as it is more properly
called. When the young root is
transparent this layer can be traced
some distance underneath the root
cap where it arises from the meri-
Fig. 35. stem (see paragraph 354), and the
Germinating wheat, showing root hais. \\t}ine of the central cylinder can
also be seen (fig. 37). A little farther back from the tip of the
root some of the epidermal cells grow out into the long root
hairs. The root hairs occupy a rather definite area of the root
a little distance back from the tip. As the root elongates new
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root hairs are constantly being developed from newly formed
epidermal cells, while all the older root hairs behind are con-
stantly dying and disappearing. They are long, slender, tubular

| cells, and since they serve the important purpose of absorbing

| which the root hairs arise. Just

| of this is a ring of a single layer

S

water and mineral food solutions from the soil, they must be fresh
and new.

53. Internal structure of the root.—Fig. 36 represents a cross
section of a root. The outer layer of cells is the epidermis from

inside of the epidermis is the
cortex, which consists of several
layers of cells more or less rounded
and with air spaces between where
they touch adjacent cells. Inside

of rather thin cells (the pericycle).
This can be located by observing
that it lies just outside of groups
of cells so highly differentiated in

Fig. 36.
the center. These groups of cells, Section of corn root, showing root hairs

formed from elongated epidermal cells.

together with the thin-walled fun-
damehtal cells which are between them, make the cenfral cylinder
(fig. 37). There are often eight groups of special cells seen in cross
section of a young root. Four of these, the more prominent
ones, are the fibro-vascular bundles (paragraph g8). They are
broad inward and narrowed outward as seen in cross section.
The larger cells are the vessels or tubes through which the water
or “sap ” flows in the root. Besides the vessels there are thick-
walled wood fibers, and on the outer side also some young thin-
walled living cells which divide and grow to form additional cells
for the bundle as the root increases in diameter. The tissue of
these bundles is woody and is the xylem (paragraph ¢8). Alter-
nating with these four radiating groups of wood cells are four other
groups of bast cells (or phloem), which lie near the pericycle. The
tissue of thin-walled cells lying between these groups is funda-
mental tissue, parenchyma (paragraph 94).
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54. Origin of the tissues of the root.—This can be studied
in a longitudinal section of a young root including the tip. The
epidermis is the outer layer of cells. Towards the root tip the
rows of epidermal cells converge on a curve and meet near the
middle in a tissue of
cells rich in protoplasm
and with thin walls (the
meristem, a group of
growing cells at the end
of roots and stems). The
cortex lies just inside of
the epidermis and con-
sists of several rows of
cells on each side. In-
side of the cortex is
the central cylinder. By
consulting fig. 37 the
position and limits of
these tissues can be seen.
The meristem is the tis-
sue from which the oth-
= ers arise. Its cells divide

! - Fig 37. g and the older ones pass
molfxtli%t}:)‘glﬁdsicr:%rsoﬁ“;g 2‘;‘;%‘?,“;‘3‘33;3,“;;??_‘%'% back into epidermis cor-
cap; z, dead cs.;llg separating from cap; s, growing point; 6
Conn P - cona sy i e B, L o centre] cyhinder.
vascular bundles arise. — After Wiesner. In the central cylinder
there is a great variety of cells. In the meristem where these cells
arise they are all alike, but as they age and pass over into the differ-
ent tissues they take on the special forms which make them suit-
able for their special kind of work. This is an interesting and
important change, since economy and the highest utility are gained
in this division of labor and specialization among the working cells
- of the root. In a similar way the specialized cells of stems, leaves
and flowers arise from a meristem of simple undifferentiated cells.
The plant body may thus be compared to a highly organized and
developed community of individuals, each with its special work to
do, and all werking together for the common good.
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CHAPTER V.

WORK OF ROOTS IN ABSORPTION OF WATER AND
FOOD FROM THE SOIL.

55. Absorption of water and food sub- §
stances from the soil.—Land plants absorb | !
water and food solutions chiefly through the root
hairs. In the study of seedlings we observed
the form of the root hairs and their position on
the roots. They are very slender, long cells
developed in great numbers over the surface of
the root a little distance back from the tip of
the root. The root hairs are not permanent
as in the case of most of the roots. As the
root elongates, new root hairs are formed, while
the older ones farther back on the stem die.
Thus the root hairs are fresh and in good con-
dition for their work of absorption.

56, How the root hairs absorb water
from the soil.—Each root hair is a plant cell
which is very much elongated. It is formed by
the lateral elongation of one of the cells of the
skin or epidermis of the root. The outer part
or boundary of the root hair is its cell wall. It
is thin and white. Inside of the root hairis a
granular, whitish, slimy substance. This is the
living substance of the cell, and is called profo-
plasm. Tt is the living protoplasm in the root [0

hair which enables it to take up water and food 4* 2
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Fig. 38.
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There is a thin and continuous membrane of Root hair of corn before
o = .. ™7 and after treatment with
protoplasm w lines th Inside of this s per cent salt solution.
33 :



34 GROWTH AND WORK OF PLANTS

membrane the entire space of the cell is not filled with proto-
plasm. There are large spaces filled with a watery fluid called
cell sap, which is a solution of certain salts, sugars, etc., in
water. If the root hairs are placed in a 5 per cent salt solution,
the membrane of protoplasm lies between the cell sap inside
of the cell and the salt solution. The cell wall permits the water
and solutions to filter through easily. But the protoplasmic
membrane is of a closer and different texture, so that soluble
substances do not pass through so readily. The water of the
solution, however, passes through the membrane easily. The
result is that the protoplasm contracts away from the cell
wall. This is because some of the water in the cell sap flowed
through the protoplasmic membrane into the salt solution outside.
According to well-known laws of physics, the greater flow of water
through such a membrane, which is_only half-way permeable
(semi-permeable), is always in the direction of the stronger solu-
tion. This shows then that the 5 per cent salt solution is?&o?féér
than the cell-sap solution. But when the salt solution is replaced
with water, the membrane of protoplasm moves out again against
the cell wall and is pressed firmly against it, so that the elastic cell
wall becomes slightly stretched while the cell becomes firm and
turgid, or is in a state of furgescence, or tension, something like an
inflated bladder. This action of the protoplasmic membrane,
the cell wall, and the cell sap explains to us how it is that the deli-
cate root hairs can take up water and food solutions from the soil.

57. The behavior of a root hair or other cell in the absorp-
tion of water is sometimes illustrated in the following way.*
Over the bulb of a thistle tube a piece of a bladder membrane is
tied after thoroughly soaking it. A saturated solution of sugar
in water with a small quantity of a red analine dye to color it is
poured into the tube to fill the bulb and a short distance into the
tube. The bulb of the thistle tube is lowered into a bottle of
water so that the height of the water in the bottle and the solution
in the tube are at the same level. In a few hours or in a day or so,
if the experiment is properly set up, the solution in the tube will

* Or by the well-known egg experiment.
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rise above the surface of the water in the bottle. Water then
flows through the membrane into the sugar solution, but the sugar
and the dye do not pass through the membrane to any great extent
unless left for a long time.

58. Turgor in the plant cell is
sometimes illustrated in the following
way. A medium-sized vial is filled with F'%;ui?;u,ing 7
a saturated solution of sugar. Over the f{';,ﬁg’ag;ﬂ‘ f;f,t_fé
open end a piece of bladder membrane ™ 40
which has been thoroughly soaked is
securely tied in such a way as to exclude
the air. The vial is then immersed in  SameasFig. [=F

39 after needle &
a vessel of water and allowed to stand is removed. %
for a day or two. It is then taken from
the vessel of water. The membrane is arched upward as if by
a pressure within. If the membrane is pricked with a needle,
and the instrument quickly w1thdrawn a stream of water spurts
out because of the inside pressure.

59. How the root hairs get water from the soil.—Most
land plants get their water and food solutions from soil which is
moist or sometimes even appears dry. How can they take up
water from moist soil or from soil which is so dry that no water
can be pumped from it? The sgil is_composed of very finely
pulverized rock, in the form of minute angular grains. Mixed
with these fine grains is more or less matter of an organic nature,
the disintegrated remains of plants. When soil is not saturated
with water, the water present is in the form of a thin film which
surrounds the soil particles. The soil particles touch each other,
but because of their form there are spaces between them just as
there are spaces between the stones in a pile. The film of water
which surrounds the soil particles meets and joins with adjacent
soil particles at their points of contact, thus making a continuous

- film for a great extent through the soil, reaching down to the

ground water below. The spaces between the soil particles are
filled with air, which is very necessary for the health of the plant.
The root hairs of plants being attached,very closely and firmly
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to some of these soil particles are thus brought into very close con-
tact with the water film in the soil, and absorb it, while fresh
water is drawn through the film from the ground water below.
Where free soil water is present in the soil for any length of time
about the roots of most dry land plants, the plants become
sickly. Many plants, however, grow in soil where there is free
soil water continually, or for a great portion of the time. Ex-
amples are seen in the swamp plants, semiaquatics, etc.
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CHAPTER VI

TYPES AND KINDS OF STEMS.

60. Kinds of plants with reference to the length of their
life.—There are three kinds of plants as regards the normal
duration of their life, annuals, biennials, and perennials. An
annual is a plant which makes its entire growth in one year or
season, from the germination of the seed to maturity, when new
seed is ripened and the plant dies. Some may accomplish this
in a few weeks, others require the entire season from early spring
to late autumn. There are many examples of annuals among
our common plants, as the corn, buckwheat, oats, morning glory,
sunflower, bean, peas, etc. A biennial is a plant which starts
from the seed one season and lives over to the season of the
second year before the ripening of its sced and death. In many
of these there is strong root and leaf development the first year
with very little stem, while the second year the stem develop-
ment is more prominent, the flowers and seed are formed, and
the plant dies. Examples are the carrot, turnip, beet, cabbage.
The evening primrose is sometimes a biennial. Winter wheat is
usually a biennial. When sown in the autumn or late summer
it forms strong ¢ stools” by producing numerous branches near
the ground. When sown in the spring it becomes an annual,
grows more quickly into the long stems, and stools but little.
For this reason spring wheat is generally used for spring sowing.
Those plants which are sometimes annual, sometimes biennial,
are often called transition forms. Perennials are plants which
normally live several or many years. Examples are found in
most of the grasses, the golden-rod, wild aster, and all shrubs
and trees. Some plants have a perennial root stalk and an
annual aerial shoot, as in the mandrake, jack-in-the-pulpit,
wake-robin, etc.

37



38 GROWTH AND WORK OF PLANTS

61. Principal functions of the stem.—The stem has
several kinds of work to do. The two principal functions of
ordinary stems are, first, support for the leaves, so that they can
be well exposed to the light and air, and second, conduction of
water and food substances from the roots ta the leaves, and of
food substances from the leaves to the roots and different parts
of the stem. Other functions of stems will be seen in studying
the specialized kinds of stems.

62. Stems respond to the influence of light.—They are
sensitive to light and under its stimulus they turn toward the
light. This is well seen in growing plants like beans, peas, sun-
flower, etc., especially in young plants when all the leaves are
removed and the plant is placed near a well-lighted window, or
in a dark box with a small window at one side.

63. Peculiarities of stems grown in continued darkness.
—Stems grown in the dark are very different from those grown in
the light. They lack chlorophyll, the green coloring matter in
leaves and many young stems. The leaves on many such stems
are very small, and the stems of many plants are long, more
slender, more watery and contain less plant substance than the
same plants grown in the light. In the light, building material
is formed in the green parts, especially in the leaves. This fur-
nishes the substance for building material especially of the cell
wall, the firm and bhard parts of the stem. Thus under the
influence of light the stems are stockier, shorter and firmer.

64. Types of stems.—There are several types of stems as
regards the form or habit of the stem system. Some of these
types are well shown by different trees. Observations can be
made on these in the fields, parks and woods. The conical type
is very characteristic of many spruces, the larch, and some
other coniferous trees. The main stem or trunk is straight, con-
tinuous through to the topmost part of the tree, and is often
called the leader, or the trunk is said to be excurrent. The
branches are all lateral to this and much smaller. The lower
branches are the longer, and successive branches upward are
successively shorter, so that the outline of the tree as a whole is
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that of a tall cone. The oval type is represented by certain
oaks especially when they grow in the open where they are not
crowded and the branch system is free to develop freely. The
colummar type is represented by the Lombardy poplar, where there
is a central shaft, the leader, and numerous small branches
which are nearly erect and nearly parallel with the main axis.
The diffuse or deliquescent type is well expressed in the elm.
The branching is somewhat dichotomous and diffuse, the main
trunk being soon lost. The branching is only an apparent, not
a true dichotomy. The buds on the young shoots are alternate
and two-ranked, that is, regularly in two rows on opposite sides
of the stem. The young shoots tend to be somewhat zigzag,
with a bud on the outside of each angle. The axillary terminal
bud develops in one direction, while the second bud develops a
shoot which diverges in the other direction, thus forming an
apparent dichotomy.

65. Kinds of stems.—The great variety of stems may be
grouped together under the head of kinds of stems. For example,
the floral stem or floral shoot is that part of the stem whose work
it is to bear the flower or flowers. The foliage shoot is the portion
of the stem which bears the leaves or foliage, and is often very
extensive. Specialized stems, or specialized shoots, are those stems
which are unusual either because of their peculiar form or because
of the work which they perform, as the cactus, the potato tuber,
etc. Infact all stems properly speaking are specialized for certain
kinds of work. Bud shools, or buds, forlp another kind of stem.
Within each of these kinds of stems there is a considerable variety.
The pupil should study a number of each kind. In the study of
the floral shoot we are concerned chiefly with the flower, and this
topic will be taken up in Chapter XVI.

FOLIAGE SHOOT.

66. Erect stems.—The erect stems are self-supporting.
Trees, the vast majority of shrubs, and many herbs belong to this
kind. The main axis is erect for a greater or lesser distance, but
the branching often soon displaces the main trunk, and the various
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stems of an individual plant may extend in various directions.
The general position, however, of the plant is erect. Where a
number of individuals start very close together, in age the outer
ones may lean more or less under the influence of light and the need
for room. This is true with many shrubs which branch near the
ground or send up many stems from the underground portion.
Erect stems are self-supporting, the woody and supporting tissues
being sufficiently developed to give great strength and rigidity,
while the proportion in size and height is in harmony with the
supporting tissues.

67. Climbing stems.—Climbing stems are not self-supporting;
they climb upon or around other objects. The pumpkin, the
morning glory, the grape, Japanese and English ivy, climbing
bitter sweet, climbing poison ivy, the rattan, etc., are examples.
The rattan grows in India, often attaining several hundred feet in
length. The more slender species are used for wickerwork, etc.
Climbing stems secure themselves to the object of support in
various ways. Root climbers develop numerous aerial roots from
the stem which take hold in the crevices of the coarse bark of trees,
as in the climbing poison ivy, or they can lay hold of smoother
surfaces of trees or walls, as the English ivy. Tendril climbers
take hold of the object of support by long
slender outgrowths. In many cases these
tendrils are modified leaves or portions of
leaves. In the pea the terminal portion of
the leaf and leaflets (the midribs) forms
the tendrils which coil around the object of
_gysupport. In the squash and some other
cucurbits it appears that the tendrils are
the main veins of reduced leaves. In the
clematis, or virgin’s bower, the petiole of the

Fig.4r leaf acts as the tendril and coils around

apanese ivy with disk-like
bold-fasts. the object. The dwarf tropaeolum climbs
in a similar way. In the Japanese (or Boston) ivy the ends of the
branched tendril are broadened into thin, flat, disk-like objects,
which are applied closely to the smooth surface of the wall and
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hold tightly to it. The tendrils of the American.ivy (Ampelopsis
quinquefolia) behave in a similar way. Twining, or coiling
climbers, coil around the object of support, as the hop, morning
glory, climbing bean. All twining stems do not coil around the
object of support in the same direction, but a given species always
coils in the same direction. The morning glory coils from right
to left, i.e., against the sun, while the hop coils in the opposite
direction, i.e., with the sun. In the tropical forests climbing
stems reach their greatest development. Some of the lianas (as
these climbing plants are called) have stems the diameter of large
trees. One curious one (Copernicia tectorum) forms a network of
anastomosing branches around palms.

Fig. 42.
Stolon, or runner, of strawberry.

68. Prostrate stems.—Prostrate stems trail or ““ creep ”’ on the
ground. The dewberry and strawberry are examples of climb-
ing land plants. These are also called stolons from the habit of
creeping on the ground for a distance, then striking root and
developing a cluster of leaves, while the main stem continues as
a creeper and strikes root again, and so on. The water fern
(Marsilia) is a good example of a prostrate aquatic plant.

69. Root stocks, burrowing stems, or rhizomes.—These
are subterranean stems. They may be long and extend for a
considerable distance in the ground as in the mandrake, false
Solomon’s seal, many grasses, the bracken fern and sensitive fern;
or the stem may be short and thick like the underground stem of
the wake robin (7T'rillium). Such underground stems are called
root-stocks. Most of them, as in the case of the mandrake, false
Solomon’s seal, wake robin and grasses, have erect stems which
arise as branches from the root-stock and bear the flowers and
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foliage leaves, while scale leaves are borne on the subterranean
stem. Grasses with subterranean stems (root-stocks) are in some
descriptive works said to be “ stoloniferous.” But this is not in
accordance with the strict use of the term stolon since it does not
apply to subterranean stems. The root-stocks of the bracken
fern and sensitive fern do not bear aerial branches, but the large
leaves which arise from the subterranean stem have stout, long,
leaf stalks which serve to lift them up into the air and light.

70. Root-stock of Iris.—The root-stocks of Iris are irregularly
club-shaped, with prominent concentric rings and stout, fleshy
roots. Branching of the root-
stock takes place near the up-
perend. These branches arise
in the axils of old leaves and
first appear as conical buds.
In plants a few years old the
branching system is readily
seen. In the depressions the
concentric rings are the scars
formed by the falling away of
the leaves, the scars marking
the point where the leaf bases
were attached. In these leaf
scars are numerous minute pits,

Fig. 43. the scars of the fibro-vascular
Rootpxk of el bundles of the leaf.

71. Decumbent stems.—These are stems which arise in an
ascending manner and then curve or droop to the ground, where
they often take root at the tip and form here a new decumbent
stem, so that the plant slowly travels and spreads over the ground.
The blackberries and raspberries are decumbent stems. The
“ walking ” fern travels in a similar way but it is the long narrow
leaf which is decumbent. The tip of the leaf strikes the ground
and organizes a stem which develops roots and new leaves.

72. Crown stems, or acaulescent plants.—The dandelion
is a good example of this kind of stem. These are sometimes
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called “ stemless ” plants, and this is the meaning of acaulescent
plants. The plant appears. to be composed only of root and
leaves. But there is a very short section of the stem, difficult to
define its limits, between the root and leaves and to which they are
attached. It is at the crown of the root, and for this reason such
a stem may be called a crown stem. Many biennials have crown
stems. The beet, turnip, parsnip and carrot are also examples,
but because of the large, fleshy root of these plants they are some-
times called crown tubers. The crown stem of the dandelion is
perennial and bears the foliage leaves. But each year it develops
one or more flower stems which die down after the seed ripens.
In the fleshy roots mentioned above, during the second year a
tall leafy stem is developed which bears flowers and seed. The
fleshy roots are reservoirs for the storage of food material (see
Chapter II).

SPECIALIZED STEMS.

73. Bulbs.—A bulb is
a specialized shoot with a
very short stem which is
covered with numerous
overlapping thick leaves,
as in the onion, hyacinth,
lily, tulip, etc. The onion
is made up largely of
broad, thick, short, fleshy
leaves, or the leaf bases,
which overlap very closely
and make a more or less
flattened circular or oval
body. The outer leaves ¢ g =
3 Section of onion *bulb,” showing thick fleshy leaves.
are usually dead, thin, .
papery and brown. A longitudinal section through the middle
shows well the thickness and relation of the leaves. At the lower
end can be seen the flattened very short stem to the upper surface
of which the leaves are attached, while the roots extend from the

Fig. 44.
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lower side (fig. 44). The food is stored in the fleshy leaves. It
is of a proteid or nitrogenous nature, i.e., it contains nitrogen in
addition to carbon, hydrogen, and oxygen. The presence of pro-
teids can be shown by heating
portions of an onion in nitric
acid. The liquid becomes
pale yellow in color. Adding
a small quantity of ammonium
hydrate the color becomes
orange. The lily bulb (easter
lily, fig. 45) is similar to that
| of the onion but the thickened
Fig. 43. leaves are not so closely and
Easter lily ‘‘bulbs.” € ompactly crowded.
74. The corm.—This is a short, thick, fleshy shoot in which
food is stored. The Indian turnip, or Jack-in-the-pulpit, is a
good example. This is circular and somewhat flattened or oval.
It is perennial, increasing gradually in size usually each year on
the upper side, while the lower side gradually dies off. Prop-
agation of the corm usually takes place by the formation of
small corms on the side. These eventually separate and form’
new plants. New corms are also formed by the germination of
the seed.

75. Tubers.—A tuber is a fleshy thickened portion of a
subterranean stem containing large quantities of plant food.
There are rudimentary scale leaves, in the axils of which are
buds. These buds often resemble an eye, as in the potato tuber,
when they are called “eyes.” The potato plant has slender
underground stems as well as aerial stems. It is on the ends of
these underground stems, which are thicker than the roots, that
the potato tuber is formed. Some of the starch that is made in
the leaves during the day is transported to these underground
shoots and stored up in the tuber,

76. The potato is an interesting plant to study.—The
potato plant is propagated by planting the tubers, or pieces of
them containing the eyes. Tubers kept in a warm room during
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the winter often ‘“ sprout,” the sprouts or shoots developing from
the eyes. Sometimes when kept in a box or drawer, even in the
absence of light, they will form colorless shoots and a new crop
of small potatoes. If placed in a vessel in contact with a little
water, and kept in a warm room in strong light, green shoots and
leaves will develop, and many interesting experiments can be
performed with them.*

77. The sweet potato is sometimes called a “ root tuber.” It
is not a true tuber since it is an enlargement of a root and not of
a stem. Sweet potatoes are propagated by planting the potato

Fig. 46.

Desert vegetation, Arizona, showing large succulent trunks of cactus with shrubs and
stunted trees. Open formation. (Photograph by Tuomey.)

to obtain the young shoots, large numbers of which spring from
the fleshy root, not from true buds, but adventitious buds are
formed i the tissue of the root.

78. Cacti.—The cacti embrace a great variety in the form of
the stem. The stems are greatly specialized. They are succu-

* See ‘“ Water Culture Method for Experimenting with Potatoes,” Plant
World, 11, 249-254, 1908.
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lent (fleshy and contain quantities of water) stout and thick,
with a thick waxy cuticle on the surface. The stomates are
deeply sunk in depressions. These characters aid the plant in
the conservation of water which is of great importance to these
plants since they usually grow in desert or dry regions. They
are further specialized in that they do not h: e green leaves,
the function of the green leaves being perforraed by the stem
which contains the chlorophyll. In some species the prickles or
spines which are so numerous on the cacti are supposed to rep-
resent leaves since they are outgrowths of the stem. Some of the
cacti have tall stout columnar stems, some are shaped like a
melon as the “ melon cactus,” others have branched stems with
flattened pear-shaped joints as in
the prickly pear cactus. This is
widely distributed in dry regions
of the West and South. Examples
of the cacti are usually to be found
in greenhouses. Such stems are
sometimes called condensed stems.

79. Other succulent stems.—
Some succulent stems are common
in regions which are not habitually
dry. The purslane is a common
weed in the northern and eastern
United States. It has thick, smooth,
watery stems, and thick, small, suc-
culent leaves. It is very difficult
to kill because of its power to con-
serve water. The houseleek, live-

Fig. 47. forever, stonecrops, etc., are other
Phylloclades of smilax. examples'

80. Leaf-like stems or phylloclades.—In these the leaves
are reduced to mere bracts, and the stem or branches of it are
broadened and flattened so that they resemble leaves. The
gardener’s “smilax ” (Myrsiphyllum), so commonly grown in
greenhouses, is a good example. The main stem is slender and

(43
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cylindrical, but there are numerous branches which are leaf-like.
They are known to be branches because they arise in the axils of
small scale-like leaves. The asparagus is also an example of a
plant in which the stem has taken on the function of leaves,
while the latter are rudimentary.

7%
£UDS OR BUD SHOOTS.

81. Buds are special types of shoots or branches containing
the delicate growing point of the stem. This growing point is
usually protected by closely overlapping scales, or hairs, or in some
cases it lies in a depression. As such they exist in a resting
condition through the winter in some climates, or through dry
periods in climates where this is the resting period for vegeta-
tion. Distinct buds are also usually present at the end of the
growing shoot or branch throughout the growing season. The
delicate growing point organizes the young leaves which arise
near its apex, and the stem tissues which are left behind. The
growing point in these buds is protected by the overlapping young
leaves, sometimes provided with numerous hairs, and sometimes in
addition by a waxy or resinous or gummy substance. As to their
means for protection buds are of two kinds, covered and naked.
The covered buds have a coating of imbricated or overlapping

' scales, while buds protected by cork or hairs are said to be naked.

82. As to their position buds are axillary when they arise

- as usual in the axil of a leaf; ferminal when they are formed at
the apex of a shoot or branch; accessory when there are more
l than one at a given point, one above the other in the axil of a
leaf; adventitious when they arise at other points on the stem
| than in the axils of the leaves or apex of shoots, ie., at any
| point on the stem or root or leaf.
| 83. Protection of buds.—Since in our climate the trees and
| shrubs form the buds towards the end of the growing season, the
winter is the resting period and this is the period through which
' the delicate growing point of the shoot needs protection in the bud.
| The covering of buds by the closely overlapping scales, and by
' the woolly or hair-like covering of the inner scales of many buds,
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or by hairs alone, as is the case in some buds, is generally supposed
to be a protection against freezing. This is not strictly true, for
ice is abundantly formed within the buds during very cold weather
even in buds well covered with scales or hairs. It is rather a pro-
tection against the effects of freezing, or more properly speaking,
it is a protection against the loss of water from the delicate tissues
of the bud. This protection applies then to buds in climates
where the resting season for vegetation is dry and hot as well as
in climates where
the resting season is
very cold. When
freezing takes place
(in plant tissues a
little below the
freezing point for
water outside) the
ice is rarely formed
inside of the cells
in the protoplasm.
The ice forms on
the outside of the

Fig. 48. cells in the inter-

Section of frozen bud of Populus dilitata showing ice from
water drawn from the bud leaves (from K. M. Wiegand). cellular spaces. As
The white crescents are masses of ice between the bud scales. freezing continues

water is drawn from the cells and added to the ice crystals in the
intercellular * spaces. The effect of freezing then is to draw water
from the cells, i.e., it is a drying effect. If the buds had no protec-
tion on the outside, the ice would gradually vaporize and escape.
The bud coverings, however, prevent excessive loss of water, and
when warmer weather comes the ice crystals in the intercellular
spaces melt and the water is drawn again into the protoplasm of
the cells by osmosis (paragraph 352). Bud coverings probably
protect the young growing plant from mechanical injury also.
For the study of buds see Chapter VIII.

* See “Some Studies Regarding the Biology of Buds and Twigs in
Winter,” Bot. Gaz., 41, 373-423, 1906.
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GROWTH OF STEMS.

84. Definite and indefinite growth.—In woody stems, shrubs
and trees, there are two types of growth in length of the new shoots
each year, definite growth, or determinate growth, and indefinite
growth, or indeterminate growth. In the larger number of trees
and shrubs of the North Temperate region the growth is definite.
It is usually completed by the middle of July. A terminal bud
is formed from which the following season the shoot continues
its growth. In some of these buds all the leaves of this shoot for
the coming season are already formed in miniature in the bud and
are covered and protected by the outer dull colored scales. Dur-
ing the growth of the shoot the next season these leaves mature
and unfold as the shoot elongates, and then a new terminal bud is
formed. In other cases not only do the young leaves already
formed in the bud expand, but new leaves are formed as the shoot
elongates. *In indefinite growth, however, growth in length of the
shoot continues until late in the summer or autumn, and the ter-
minal bud as well as the terminal portion of the twig dies. One
of the lateral buds then acts as the terminal bud to continue the
growth the following season. In the spice bush a considerable
pertion of the dead terminal shoot remains and the following year
the new growth comes from the living lateral buds some distance
back from the tip. In the elm the terminal portion of the shoot
which dies is small, falls away, and the latest lateral bud to be
formed appears to occupy the end of the shoot. This forms an
axillary terminal bud.

- 85. Annual growth of stems.—Annual growth of most stems
takes place in two directions, in length and in thickness.

86. Growth in length.—In the case of stems with definite
growth there are external marks on the shoots which indicate each
year’s growth for several years until the bark becomes so old as
to obscure the marks. These marks are formed by the scars of
the bud scales when they fall off at the time of the opening of the
buds in the spring. These are known as scale scars or ring scars,
because they form closely crowded rings on the shoot. - Stems
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with indefinite growth usually do not show these annual scale scars,
though they are faintly shown in some stems with indefinite growth
which have axillary terminal buds, as in the elm. In pine trees
the annual growth in length is easily shown for many years since
one whorl of branches is formed each year from a whorl of buds
just below the terminal bud.*

87. Growth in thickness.—Growth in thickness of most
shrubs and stems is marked by ‘ annual rings ”’ seen in a cross
section of the stem, a new ring of tissue being added each year.
These rings are made distinct by the variation in the compactness
or porosity of the wood formed each season, those vessels (or
‘ pores ”’) in the wood being larger which are formed in spring
and early summer, while they are smaller and the wood more
compact which is formed later in the summer. The age of trees
or their branches can be determined by counting the number of
these annual rings.

88. Nodes and internodes of the stem.—The point where
each leaf is borne is called a node. The space between two succes-
sive nodes is called an infernode. In some plants, especially the
grasses, corn, wheat, etc., the nodes are very distinct since they
coincide with the “ joint.”

* These buds are not in a true whorl since they arise in the axils of scale

leaves arranged in a spiral on the stem, but the scale leaves are very numer-
ons and crowded and so the buds appear to be in a whorl.



CHAPTER VII

STRUCTURE OF STEMS AND THE WATER PATH IN
STEMS.

89. In the study of seeds and their germination (Chapters
I and II) it was found that certain seedlings, the corn, for example,
has one cotyledon, while the pea, bean, etc.,
have two cotyledons, or seed leaves. Plants
belonging to the first class are called Mono-
cotyledons, while those belonging to the second
class are called Dicotyledons. The fact that
most plants of the first class have one coty-
ledon, and those of the second have two
cotyledons, led to the adoption of these names.
There are, however, other important distinc-
tions. The anatomy or structure of the plants
belonging to these two classes show certain
points of agreement. Most of the members
of the monocotyledons possess one type of
structure, while the members of the dicotyle-
dons possess another type of structure.

STRUCTURE OF THE STEMS OF
MONOCOTYLEDONS.

90. The corn plant, the cereals like wheat,
the grasses, etc., are good examples of mono-

o Fig. 49
cotyledons; the stem is distinctly marked off  com ,;lgan‘:, a mono-

: = ! ledon.
into nodes, or joints, and internodes. The S O

leaf is attached at a node. The three parts in a typical leaf, as in

the corn, are as follows: The sheath surrounds the stem, the blade

is the free part of the leaf, the ligule is a slight membranous
51
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projection at the junction of blade and sheath, and it partly
surrounds the stem.

91. Gross structure of the corn stem as seen in cross
section.—The outer hard layer is called the rind. The soft
pithy portion of the interior forms the bulk of the stem. Scat-
tered in the pith are minute firmer and more compact points as

Fig. s0.
Broken corn stalk, showing fibro-vascular bundles.

seen in cross section. In old corn stalks which have lain in the
field during winter and a part of the following season, if cut
through the rind with a knife and the pith within broken, these
firm portions are apt to pull out in the form of fibers as shown
in fig. 50.  Stalks” of celery (the petioles of the leaves) are
excellent to show these bundles which make old or tough celery
“ stringy.”

92. Fibro-vascular bundles.—These fibrous portions are
made up of several kinds of elongated cells united in the form of
a bundle. Some of the cells are slender, have thick walls, and |
overlapping ends. They are woody fibers and give strength to |
the bundle. There are other elongated cells which are tubular
and are joined end to end to form wvessels. There are other kinds
of cells too, but the bundle takes its name from these two sorts
and is called a fibro-vascular bundle. The water which passes
from the roots to the leaves largely passes through these vessels,
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hence the term wascular. If a young corn stalk or other leafy
stem is cut and the cut end placed in red ink or in a solution of
a red analin dye like eosin, the colored liquid rises in these bundles
and colors them, while the pith or other parts remain uncolored.

Fig. s1.
A, cross section of the stem of an oak tree thirty-seven years old, showix;g the annual
rings. rm, the medullary rays; m, the pith (medulla). B, cross section of the stem of a palm
tree, showing the scattered bundles.

93. The palm stem.—Palm trees are also monocotyledons.
In fig. 51, B, is shown a cross section. The arrangement and
distribution of the fibro-vascular bundles is similar to those in
the corn.

94. Microscopic structure of the corn stem.—A micro-
scopic study of a cross section of a corn stem shows that the
pithy portion is made up of quite large cells with thin walls, the
cells being equal in diameter. This kind of tissue is called
parenchyma. In the fibro-vascular bundle there is a great variety
in the size of the cells. Near the center of the bundle is a group
| of small cells with thin walls filled with protoplasm if the bundle
is not too old. This group of cells is the cambium portion of the
bundle. This is the growing part of the bundle so long as
growth takes place. It is the region where the cells divide and
multiply in number, i.e., growth by division and multiplication,
and should be distinguished from those cells which have ceased
to divide, but grow by enlargement. Upon one side of the bundle
are seen the large vessels with the smaller fibers and some
thin-walled parenchyma cells. This is the woody portion of the
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bundle. Upon the other side of the bundle is a group of small
cells with thick whitish walls, the bast portion of the bundle. The

dividing cells of the cambium fur-
nish the cells to make these different
elements of the bundle which soon
cease to grow and form permanent
tissue. The cambium then disap-
pears; vessels, bast, and thick-walled
fibers remain. This thick-walled
fibrous tissue in the monocotyledons
entirely surrounds or encloses the
growing tissue and other elements

of the bundle and
soon prevents far-

Fig. s2. ther enlargement

Transection of fibro-vascular bundle of -
Indian corn. a, toward periphery of 41 d ex pansion.

stem; g, large pitted vessels; s, spiral ves- .
sel; 7, annular vessel; J, air cavity formed SUCh a bundle in

by breaking apart of the cells; 7, soft bast, 4 . .
a form of sieve tissue; p, thin-walled paren- W hich the cambium

g SR is enclosed by and
passes over into permanent tissue is called a
closed bundle. Stems with closed bundles usually
do not increase in thickness after the formation
of the permanent tissue. Monocotyledonous
trees like the palms, therefore, never attain the
great diameter of dicotyledonous trees, because
the trunks cease to increase in diameter. For
this reason the trunks of palms are of nearly
equal diameter while dicotyledonous trees and
conifers which have open bundles (paragraph ¢8)
have tapering trunks.

95. In a longitudinal section the vessels of
the bundle are seen to be marked in various
ways by thickenings on the wall. These mark-
ings are in the form of rings, spirals, pits, trans-

Fig. 53.
Uncoiled spiral ducts,
from petiolesof Indian
lotus, supporting
weight of section of
petiole.

verse thickenings. These vessels were derived from cells of the
Jfundamental tissue (parenchyma) which of course originally came
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from the cambium or meristem. At first they elongate, and the
cross walls at their adjacent ends dissolve and thus make long
tubes or vessels of the connecting cells. These different kinds of

Fig. 54.
Uncoiled spiral ducts of Indian lotus.
vessels can often be found in the same bundle. In some plants
the spiral thickenings on the vessels are so regular and so strong
in contrast with the thinner portions of the wall and the other

Fig. s5.
Photomicrograph of uncoiled spiral ducts of Indian lotus.

tissues that when the stem is broken the spiral will uncoil in long,
delicate, cobweb threads. This is shown in a remarkable way in
the flower stems and petioles of the Indian lotus (figs. 53-55). The
rind of the stem is cut with a knife and the stem then broken.
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The uncoiled spiral is strong enough to support by suspension a
piece of the stem 2 cm. to 4 cm. long, and so delicate that one
cannot see the means of support at a little distance unless held
before a black object or the light. Examined under the micro-
scope the beautiful spiral markings can be seen.

STRUCTURE OF THE STEM OF DICOTYLEDONS.

96. Gross structure of the stem of an annual.—A cross
section of the stem of a dicotyledon shows a very different
structure (fig. 51, A). Leafy shoots of dicotyledonous stems like
the garden balsam or touch-me-not (Impatiens), bean, sun-
flower, etc., may be placed with the cut ends in red ink or a
solution of a red analin dye. After several hours the loss of
water from the leaf will draw the colored liquid up through the

&
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Fig. 56.
Xylem portion of bundle. Cambium portion of bundle. Bast portion of bundle. Section
of vascular bundle of sunflower stem.

vascular ducts. This will stain the bundles, and also the veins
of the leaves in many cases, so that the color is easily seen through
the thin overlapping tissues. If shoots with white flowers are
also placed in the dye the white petals will become stained. If
the stems are now cut across the position of the bundles can’
be seen. Instead of being scattered without order through the
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stem they are arranged in the form of a ring about midway
between the center of the stem and the outside. They are
arranged in a concentric ring with spaces between them. The
central part of the stem is the pith or medulla. The portion
outside of the rings of bundles is the cortex. The radiating
strands of tissue lying between the bundles and connecting the
pith with the cortex are the medullary rays.

97. Microscopic structure of an annual stem.—The pith
cortex and medullary rays are composed of thin walled cells of
nearly equal diameter and belong to the fundamental tissue or
parenchyma. The outer layer of cells is the epidermis. In some
stems just underneath the epidermis the cells for several layers
have walls which are thickened at the angles. This gives addi-
tional strength to the stems. -

98. The fibro-vascular bundle.—This should be studied in
cross and longitudinal sections. In cross section each bundle is
seen to be divided into two parts, an outer (toward the outside of
the stem) and an inner one. The outer portion is the das? portion,
while the inner is the woody portion. The bast portion is char-
acterized by numerous bast cells, which have whitish thick walls,
and form very long fibers. In the wood portion are the vessels
which in cross section appear like large angular or circular cells
with thick walls. Intermingled with the vessels are the thick
walled wood fibers and some thin walled parenchyma. Between
the bast and woody portions of the bundle there is a group of cells
with very thin walls and rich in protoplasm. These cells are
usually quite regularly arranged in rows and are rectangular in
form. This is the cambium portion of the bundle. The cells
of the cambium grow and divide, thus increasing in number. The
older ones on the bast side of:the bundle cease to grow and change
into bast cells, others into sieve tubes, etc. The older ones on
the wood side of the bundle cease to grow and change into vessels,
wood fibers, etc. It will be noticed that the wood and bast at
no point meet around the cambium but that the cambium itself
extends across the medullary ray and is connected with the cam-
bium in the adjacent bundles. In fact, the cambium forms a
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complete ring around in the stem, at this point separating the bast
and wood of all the bundles. The bundle is not therefore closed
but is open. This is characteristic of the bundles of the dicoty-
ledons as distinguished from those of the monocotyledons. The
stems of dicotyledons can therefore increase in diameter indefi-

Fig. 57.
Longitudinal section of vascular bundle of sunflower stem; spiral, scalariform and pitted

vessels at left; next are wood fibers with oblique cross walls; in middle are cambium cells with
straight cross walls; next, two sieve tubes, then phloem or blast cells.

nitely as long as growth continues, since the cambium never com-
pletely passes over into permanent tissue, and extending through
the bundle, across the medullary ray into the adjacent bundles,
keeps them open. A longitudinal section of a bundle will show
the same arrangement of the cells, and will give an idea of the
length of the different elements, and show the markings of the
vessels and the character of the sieve tubes.

99. Structure in cross section of perennial woody stems.—
A cross section of a stem several years old will show the following
structure. In trees like the oak the chief points in the structure
can be seen readily with the eye or with the aid of a hand or pocket
lens. The character of the “ bark ”” will depend on the age and
the kind of the tree. If the stem is only a few years old the bark
will be green and soft. This soft bark is made up of the bast
portion of numerous fibro-vascular bundles lying side by side, and
in it are the sieve tubes. On older stems the outer bark is dead
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and often cracked into deep furrows. This is the true bark. It
is formed by a layer of cells on the outside of the bast portion called
cork producer. The soft *“ bark ” lies underneath the coarse dead
corky bark in the old stems. In the spring, the soft bark can be
very easily stripped off from the stems, as in the willow, basswood,
etc. The tissue where the bark parts from the stem when stripped
off in this way is the young and delicate cambium, which, we
found in paragraph 98, forms a continuous layer entirely around the
stem between the bast and the wood of the bundle. The portion
of the stem lying inside of this layer then is the wood, except the
central portion or pith.* The wood portion of old trees consists
of a whitish outer portion called the sap wood, while the darker
inner portion is the /eart wood. The heart wood is dead, but
in the sap wood there are many living cells and it is here that the
rise of water in the tree takes place. No rise of water takes place
in the dead heart wood. There are three peculiarities of the woody
portion of such a stem which are visible to the eye. First, the
slender whitish lines which radiate from or near the pith to the
outside. These are the medullary rays or pith rays which (para-
graph g6) lie between the fibro-vascular bundles. They consist
of parenchyma cells which are alive in the sap wood and usually
dead in the heart wood.§ The cells of the pith rays are very much
elongated radially; they are flattened by the lateral pressure of the
bundles and they present the smooth shining surfaces in radially
split wood: second, the porosity of the wood, which appears to the
eye (unless it is a very hard compact heavy wood) to have numer-
ous minute pores: fhird, the presence of numerous concentric
rings, called annual rings.

100. Growth in thickness and the formation of annual
rings.—In woody stems the fibro-vascular bundles lie very closely
side by side so that the woody part of one bundle practically
touches that of the two adjacent ones. They do not quite touch,

* The pith varies greatly in extent in different trees and shrubs. In
some it is very abundant, as in the elder, sumac. It may be continuous,
chambered or diaphragmed, etc., in different species.

T In some trees the pith ray cells remain alive for many years.
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however, for the pith ray is between. But
the parenchyma of the pith rays is squeezed
into thin plates by the crowding of the bundles.
This brings the bundles of the first year’s
growth of the stem so near together that they
form a ring visible to the eye. Since the
bundle is an open one the cambium grows
each year, adding on new wood on the inside
and new bast on the outside. This causes
the growth in thickness of woody stems since
each successive year the cambium places on
a new layer of wood on the outside * of the
old and a new layer of bark on the inside of
the old. As the stem increases in diameter
new bundles arise in the cambium between
the old ones so that the bundles are always
crowded. The annual rings are not marked
by rings of different bundles. Each bundle
is thin and becomes very broad and flat radi-
ally, by the constant addition of new wood on
the outer edge. The annual ring is due to
different rates of growth of the wood during a
single season. In the spring and early sum-
mer growth is more rapid and the vessels are
larger. This gives great porosity to the new
wood formed in spring and early summer.
In late summer growth is slower and the
vessels while present are very much smaller
so that the late summer wood is quite com-
pact. The annual rings are then made up
of alternating rings of porous and compact

Fig. s8. wood, and rings of each, constituting an
Section of oak - . . .
ing s e megeo"” annual ring, since both are produced in one
ullary rays.
season.

* For this reason dicotyledons are called by some exogenous (growing
on the outside), while the monocotyledons are endogenous (growing on the
inside).



CHAPTER VIIL
WINTER CONDITION OF SHOOTS AND BUDS.

101. A study of the winter habit of perennial plants shows
some very interesting adaptations of plants to meet the severe
conditions to which they are subjected during the season. The
spring and summer is the growing season. The new growth is
at first comparatively tender, with an abundance of water and a
comparatively small amount of cell wall or building material in
the shoots and leaves. In this condition vegetation is very sus-
ceptible to either extreme cold or extreme drought. This is
occasionally seen in our climate (temperate zone) when there is an
early, warm spring. The new shoots and leaves are developed
rapidly. They are full of water and the tissues are soft and
weak. When a severe frost follows it often works great injury
to the new vegetation, the new leaves and shoots of hardy trees
and shrubs being killed and drying up, presenting a very un-
sightly appearance. The same effect is sometimes produced in
some plants when a strong, dry wind continuing for several days
often withers up the leaves and shoots because of the excessive
loss of water under these conditions.

102. If vegetation passes this critical period without
injury the natural processes of maturity and ripening of the parts
prepare the plants for the long, severe winter season. Different
plants prepare to meet this season in different ways. The
annuals, which form little wood or protecting bark, expend their
energy in the production and ripening of seed, and then the plant
dies. The seed, or fruit, possesses dry, hard walls, and the liv-
ing substance in the embryo passes into a condition in which
there is little danger from either dryness or extreme cold. In
the case of the perennial herbs, the annual shoot produces its

seed, and then dies to the ground, while the underground shoot
61
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or root is protected from either drought or cold. The evergreens
like the pines, spruces, cedars, the laurels, rhododendrons, etc.;
have thick leaves which are protected by thick walled epidermal
cells, which in turn are also protected by the cuticle, a coating
of a waxy substance which largely checks the loss of water.
The protoplasm also undergoes certain changes with the on-
coming of winter, so that it is more resistant to the injuries
accompanying extremely cold weather.

103. The deciduous trees and shrubs, those which shed
their leaves in the autumn and winter, show a very interesting
adaptation to meet the rigors of a winter season. The leaves
are usually broad and thin, and are especially suited for the
purpose of transpiration, that is, the loss of water. By the death
and shedding of the leaves, deciduous trees and shrubs get rid
of organs, which, if they remained alive and active during the
winter, would drain so much water from them that they would
dry out and die, since the roots during the cold season absorb
but little water from the soil and could not replace that lost
through the leaves. The shoots are protected by the matur-
ing or ripening of the wood, the cell walls becoming thick and
firm. The outer portion of the bark has thick walled cells
which are dead and lose most of their water. With each year
this bark becomes thicker. This, with the waxy cuticle on the
surface, serves to protect the winter shoots. The young growing
points, however, consist of delicate masses of cells rich in pro-
toplasm and with an abundance of water. If these growing
points, or buds, at the ends of the shoots and in the axils of the
leaves were unprotected, they would lose a sufficient amount of
water during the dry and freezing weather to kill them. But
they are protected by coverings in the form of bud scales, hairs,
or by both, and often by the abundant formation of a waxy or
resinous substance between the scales and on the outside. The
bud scales also afford protection to the delicate growing point
from mechanical injuries.

104. The effect of freezing on plant tissue.— Very
few plants are killed by actual cold or freezing of the tis- 1
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sues.* It was once thought that in the freezing of plant tissue ice
was formed inside of the cells, and that the protoplasm was killed
by the cold. But this rarely occurs. The water freezes on the
outside of the cell wall, and additional water flows out from the
inside of the cell and continues to freeze there building up ice
crystals in the intercellular spaces (fig. 48). If the freezing con-
tinues long enough, so much water may be drawn from the proto-
plasm in the cell as to make it too dry and thus kill it. When the
buds freeze the ice crystals are formed in the intercellular spaces. -
When the ice crystals thaw the water is slowly absorbed by the
protoplasm in the cells again and is unharmed. Were it not for
the bud scales and other means for bud protection, the water
from the thawing ice crystals would evaporate and the proto-
plasm would be killed. The effect of freezing on plant tissue is,
therefore, in most cases the same as that of excessive dryness.
105. Characters of winter buds and shoots.—Winter buds
and shoots possess certain marks and other features which are
characteristic of the different kinds, so that a careful student of
these characters is enabled to tell the different kinds of trees
and shrubs from the winter condition of the shoots and buds.f
Some of these characters are as follows: The surface, whether
smooth or rough, shiny or dull, the color, the form of the lenti-
cels. The lenticels are minute elevations composed of corky
tissue with a minute opening, which serves the purpose of an
interchange of air and other gases, between the tissues of the
shoots and the outside. The shape of the shoots is another
character, also the form and arrangement of the leaf scars, with
their markings, the form and other characters of the buds, etc.
The characters of the following shoots will serve as illustrations.
106. Shoots of the horse chestnut.—7Terminal buds. The
terminal bud where well formed is larger than the lateral buds.
This, as in other similar cases, is evidence that this bud will con-

* See “Some Studies Regarding the Biology of Buds and Twigs in
Winter,” Bot. Gaz., 41, 373423, 1900.

T See “A Key to the Genera of Woody Plants in Winter,” 3rd edition,
1908, by Wiegand and Foxworthy. Andrus & Church, Ithaca, N. Y.
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tinue the growth, the coming year, of the main shoot, and that the
lateral shoots will be subordinate in size. The buds are well
protected by brown, overlapping, external scales and a sticky,

. varnish-like substance, which covers them. If the
scales are removed one by one their position and rela-
tion can be seen. They occur in pairs, the two of a
pair being opposite, and each pair alternates with the
pair above and below. Some of the buds are leaf
buds while others are flower buds. As the buds ope<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>