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PREFACE.

THE RAPID ADVANCES MADE IN THE SOENCE OF BOTANY WITHIN THE LAST FEW YEARS NECESSITATE CHANGES IN THE TEXT BOOKS IN USE AS WELL AS IN METHODS
OF TEACHNG. HAVING, IN HS OWN EXPERENCE AS A TEACHER, FELT THE NEED OF A BOOK DIFFERENT FROM ANY NOW IN USE, THE AUTHOR HAS PREPARED THE PRESENT
VOLUVE WITH A HOPE THAT IT MAY SERVE THE PURPOSE FOR WHICH IT IS INTENDED; VIZ., AN INTRODUCTION TO THE STUDY OF BOTANY FOR USE IN HGH SCHOOLS
especially, but sufficiently comprehensive to serve also as a beginning book in most colleges.

IT DOES NOT PRETEND TO BE A COVPLETE TREATISE OF THE WHOLE SCIENCE, AND THS, [T IS HOPED, WILL BE SUFFICIENT AROLOGY FOR THE ABSENCE FROM ITS
PAGES OF MANY IMPORTANT SUBJECTS, ESPECALLY PHYSIOLOGICAL TORCS. IT WAS FOUND IVPRACTICABLE TO COMPRESS WITHN THE LIMTS OF A BOOK OF MODERATE
SIZE ANYTHNG LIKE A THOROUGH DISCUSSION OF EVEN THE MOST IMPORTANT TOPICS OF all THE DEPARTVENTS OF BOTANY. AS A THOROUGH UNDERSTANDING OF THE
STRUCTURE OF ANY ORGANISM FORVS THE BASIS OF ALL FURTHER INTELLIGENT STUDY OF THE SAME, IT HAS SEEMVED TO THE AUTHOR PROPER TO EMPHASIZE THS FEATURE N
the present work, which is professedly an introduction, only, to the science.

THS STRUCTURAL WORK HAS BEEN SUPALBVENTED BY SO MUCH CLASSIFICATION AS WILL SERVE TO MAKE CLEAR THE RELATIONSHPS OF DIFFERENT GROUPS, AND THE
PRINCFLES UPON WHICH THE CLASSIFICATION IS BASED, AS WHELL AS ENABLE THE STUDENT TO RECOGNIZE THE COMVONER TYPES OF THE DIFFERENT GROUPS AS THEY ARE
MET WITH. THE AIM OF THS BOOK IS NOT, HOAVEVER, MERELY THE IDENTIFICATION OF PLANTS. WE WISH HERE TO ENTER A STRONG FROTEST AGAINST THE ONLY TOO
PREVALENT IDEA THAT THE CHEF AIM OF BOTANY IS THE ABILITY TO RUN DOWN A FLANT BY MEANS OF AN “ANALYTICAL KEY,” THE SUBJECT BENG EXHAUSTED AS SOON AS
THE NAVE OF THE PLANT IS DISCOVERED. A KNOWLEDGE OF THE FLANT ITSELF IS FAR MORE IMPORTANT THAN ITS NANVE, HOWEVER DESIRABLE IT MAY BE TO KNOW THE
latter.

IN SELECTING THE ALANTS BVPLOYED AS EXAMPLES OF THE DIFFERENT GROUPS, SUCH WERE CHOSEN, AS FAR AS POSSIBLE, AS ARE EVERYWHERE COMVON. OF
OOURSE THS WAS NOT ALWAYS POSSIBLE, AS SONVE IVFORTANT FORVS, €.g. THE RED AND BROWN SEAWEEDS, ARE NECESSARLY NOT ALWAYS READLY PROCURABLE BY
ALL STUDENTS, BUT IT WILL BE FOUND THAT THE GREAT MAJORTY OF THE FORMS USED, OR CLOSELY RELATED ONES, ARE WITHN THE REACH OF NEARLY ALL STUDENTS; AND SUCH
DRECTIONS ARE GIVEN FOR COLLECTING AND PRESERVING THEM AS WILL MAKE IT POSSIBLE EVEN FOR THOSE IN THE LARGER OTIES TO SUPRLY THEMSELVES WITH THE
NECESSARY MATERALS. SUCH DIRECTIONS, TOO, FOR THE MANFULATION AND EXAMNATION OF SPECIVENS ARE GIVEN AS WILL MAKE THE BOOK, IT IS HOPED, A
LABORATORY GUDE AS WELL AS A MANUAL OF OLASSIFICATION. INDEED, IT IS FRIVARLY INTENDED THAT THE BOOK SHOULD SO SERVE AS A HELP IN THE STUDY OF THE
actual specimens.

ALTHOUGH MUCH CAN BE DONE IN THE STUDY, EVEN OF THE LOWEST FLANTS, WITHOUT MCROSOOPC AD OTHER THAN A HAND LENS, FOR A THOROUGH
UNDERSTANDING OF THE STRUCTURE OF ANY ALANT A GOOD COMPOUND MOROSCOPE IS INDISFENSABLE, AND WHEREVER [T IS POSSIBLE THE STUDENT SHOULD BE
PROVIDED WITH SUCH AN INSTRUVENT, TO USE THS BOOK TO THE BEST ADVANTAGE. AS, HOMEVER, MANY ARE NOT ABLE TO HAVE THE USE OF A MCROSCOFE, THE
GROSS ANATOMY OF ALL THE FORMS DESCRBED HAS BEEN CAREFULLY TREATED FOR THE ESPECIAL BENEFTT OF SUCH STUDENTS. S UCH PORTIONS OF THE TEXT, AS WELL AS
THE GENERAL DISCUSSIONS, ARE PRINTED IN ORDINARY TYFE, WHLLE THE MNUTE ANATOMY, AND ALL POINTS REQURNG MOROSCOOPIC AID, ARE DISCUSSED IN SEPARATE
paragraphs printed in smaller type.

The drawings, with very few exceptions, which are duly credited, were drawn from nature by the author, and nearly all expressly for this work.

A LIST OF THE MOST USEFUL BOOKS OF REFERENCE IS AFPENDED, ALL OF WHCH HAVE BEEN MORE OR LESS CONSULTED IN THE FREPARATION OF THE FOLLOWING
pages.

THE CLASSIFICATION ADOPTED IS, WITH SLIGHT CHANGES, THAT GIVEN IN GOEBAL'S “OUTLINES OF MORPHOLOGY AND C LASSIFICATION’; WHILE, PERHAPS, NOT IN ALL
RESFECTS ENTIRELY SATISFACTORY, IT SEEVS TO REFRESENT MORE NEARLY THAN ANY OTHER OUR PRESENT KNOWLEDGE OF THE SUBJECT. CERTAIN GROUPS, LIKE THE
Diatoms and Characeee, are puzzles to the botanist, and at present it is impossible to give them more than a provisional place in the system.

IF THS VOLUVE SERVES TO GVE THE STUDENT SOVE COMPREHENSION OF THE REAL AIMS OF BOTANICAL SOENCE, AND ITS CLAIMS TO BE SOVETHING MORE THAN
the “Analysis” of flowers, it will have fulfilled its mission.

DOUGLAS H. CAMPBELL.

B LOOMNGTON, INDIANA,

October, 1889.
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CHAPTERI
INTRODUCTION.

ALL matter is composed of certain constituents (about seventy are at present known), which, so far as the chemist is concerned, are indivisible,
and are known as elements.

OF THE INNUVERABLE COVBINATIONS OF THESE BLEVENTS, TWO GENERAL CLASSES MAY BE RECOGNZED, ORGANC AND INORGANIC BODES. WHLE T IS
IMFOSSIBLE, OWING TO THE DEFENDENCE OF ALL ORGANZED MATTER UFON INORGANC MATTER, TO GVE AN ABSOLUTE DEFINITION, WE AT ONCE RECOGNZE THE
PECULIARITIES OF ORGANC OR LIVING BODES AS DISTINGUSHED FROM INORGANIC OR NON-LIVING ONES. ALL LIVING BODES FEED, GROW, AND REFRODUCE, THESE ACTS
BENG THE RESULT OF THE ACTION OF FORCES RESIDENT \WTHN THE ORGANSM. INORGANIC BODIES, ON THE OTHER HAND, REVAIN, AS A RULE, UNCHANGED SO LONG AS
they are not acted upon by external forces.

ALL LIVING ORGANSMS ARE DEFENDENT FOR EXISTENCE UPON INORGANIC MATTER, AND SOONER OR LATER RETURN THESE ELEVENTS TO THE SOURCES WHENCE THEY
CANME THUS, A FLANT EXTRACTS FROM THE EARTH AND AIR CERTAIN INORGANC COMPOUNDS WHCH ARE CONVERTED BY THE ACTIVITY OF THE FLANT INTO A PART OF ITS OAN
SUBSTANCE, BECOMNG THUS INCORPORATED INTO A LIVING ORGANSM. A FTER THE ALANT DES, HOAEVER, IT UNDERGOES DECOVFOSITION, AND THE BLEVENTS ARE
returned again to the earth and atmosphere from which they were taken.

INVESTIGATION HAS SHOWN THAT LVING BODES OONTAIN COVPARATIVELY FEW ELEVENTS, BUT THESE ARE COVBINED INTO EXTRAORDINARLY OOVALEX
OOVPOUNDS. THE FOLLOWING ELBVENTS AFFEAR TO BE ESSENTIAL TO ALL LIVING BODES: CARBON, HYDROGEN, OXYGEN, NTROGEN, SULPHUR, POTASSIUM. B ESIDES
THESE THERE ARE SEVERAL OTHERS USUALLY PRESENT, BUT NOT AFPARENTLY ESSENTIAL TO ALL ORGANSMS. THESE INOLUDE PHOSPHORUS, IRON, CALCIUM, SODIUM
magnesium, chlorine, silicon.

AS WE EXAMNE MORE OLOSELY THE STRUCTURE AND FUNCTIONS OF ORGANIC BODIES, AN EXTRAORDINARY UNIFORMITY IS AFPARENT IN ALL OF THEM THS IS
DISGUISED IN THE MORE SPECIALIZED FORMS, BUT IN THE SIMFLER ONES IS VERY APPARENT. OWING TO THS ANY ATTEVPT TO SEPARATE ABSOLUTELY THE ANMAL AND
vegetable kingdoms proves futile.

THE SCENCE THAT TREATS OF LIVING THINGS, IRRESPECTIVE OF THE DISTINCTION BETWEEN FLANT AND ANIVAL, IS CALLED “BI0LOGY,” BUT FOR MANY PURPOSES IT IS
DESIRABLE TO RECOGNIZE THE DISTINCTIONS, MAKING TWO DEPARTVENTS OF B I0LOGY,—B OTANY, TREATING OF FLANTS; AND ZOOLOGY, OF ANIVALS. IT IS WITH THE FIRST OF
these only that we shall concern ourselves here.

VW HEN ONE TAKES UP A FLANT HS ATTENTION IS NATURALLY FIRST DRAVWN TO ITS GENERAL APPEARANCE AND STRUCTURE, WHETHER IT IS A COMVPLICATED ONE LIKE ONE
OF THE FLOWERING FLANTS, OR SOVE HUVBLER VEVBER OF THE VEGETABLE KINGDOM—A MOSS, SEAWEED, TOADSTOOL,—OR EVEN SOVE STILL SIMPLER FLANT LIKE A
MOULD, OR THE APPARENTLY STRUCTURELESS GREEN SCUM THAT FLOATS ON A STAGNANT FOND. IN ANY CASE THE IMPULSE IS TO INVESTIGATE THE FORM AND STRUCTURE AS
FAR AS THE MEANS AT ONE'S DISPFOSAL WILL FERMT. SUCH A STUDY OF STRUCTURE CONSTITUTES “MORPHOLOGY,” WHICH INCLUDES TWO DEPARTVENTS,—GROSS
ANATOMY, OR A GENERAL STUDY OF THE PARTS; AND MNUTE ANATOMY, OR “HISTOLOGY,” IN WHCH A MCROSCOPIC EXAMNATION IS MADE OF THE STRUCTURE OF THE
DIFFERENT PARTS. A SPECIAL DEPARTVENT OF MORPHOLOGY CALLED “EMBRYOLOGY” IS OFTEN RECOGNZED. THS BVBRACES A STUDY OF THE DEVELOPVENT OF THE
organism from its earliest stage, and also the development of its different members.

FROMA STUDY OF THE STRUCTURE OF ORGANSMS WEGETA OLLE O THER RELATIONSHPS, AND UPON THE BASIS OF SUCH RELATIONSHPS ARE ENABLED TO CLASSIFY
THEM OR UNITE THEM INTO GROUPS SO AS TO INDICATE THE DEGREE TO WHCH THEY ARE RELATED. THS CONSTITUTES THE DVISION OF BOTANY USUALLY KNOWN AS
Classification or “Systematic Botany.”

FINALLY, WE MAY STUDY THE FUNCTIONS OR WORKINGS OF AN ORGANISM HOW [T FEEDS, BREATHES, MOVES, REFRODUCES. THS IS “PHYSIOLOGY,” AND LIKE
classification must be preceded by a knowledge of the structures concerned.

F OR THE STUDY OF THE GROSS ANATOMY OF FLANTS THE FOLLOWING ARTICLES WILL BE FOUND OF GREAT ASSISTANCE 1. A SHARP KNIFE, AND FOR MORE DELICATE
TISSUES, A RAZOR 2. A PAR OF SMALL, FINE-POINTED SOISSORS; 3. A PARR OF MOUNTED NEEDLES (THESE CAN BE MADE BY FOROING ORDINARY SEWING NEEDLES INTO
handles of pine or other soft wood); 4. a hand lens; 5. drawing-paper and pencil, and a note book.

F OR THE STUDY OF THE LOAER FLANTS, AS WELL AS THE HSTOLOGY OF THE HGHER ONES, A COVPOUND MCROSOOFE IS INDISPENSABLE. INSTRUVENTS \WITH LENSES
magnifying from about 20 to 500 diameters can be had at a cost varying from about $20 to $30, and are sufficient for any ordinary investigations.

OBJECTS TO BE STUDIED WITH THE COVPOUND MOROSCOFE ARE USUALLY EXAMNED BY TRANSMITTED LIGHT, AND MUST BE TRANSPARENT ENOUGH TO ALLOW THE
LIGHT TO PASS THROUGH. THE OBJECTS ARE ALACED UPON SMALL GLASS SLIPS (SLIDES), MANUFACTURED FOR THE PURPOSE, AND COVERED WITH EXTREVELY THN PLATES
OF GLASS, ALSO SPECALLY MADE. IF THE BODY TO BE EXAMNED IS A LARGE ONE, THN SLICES OR SECTIONS MUST BE MADE. THS FOR MOST PURPOSES MAY BE DONE
WITH AN ORDINARY RAZOR MOST PLANT TISSUES ARE BEST EXAMNED ORDINARLY IN WATER, THOUGH OF COURSE SPECIVENS SO MOUNTED CANNOT BE FRESERVED FOR
any length of time.[1]

IN ADDITION TO THE IMPLEVENTS USED IN STUDYING THE GROSS ANATOMY, THE FOLLOWING WILL BE FOUND USEFUL IN HSTOLOGICAL WORK: 1. A SMALL CAVEL'S-HAIR
BRUSH FOR PICKING UP SMALL SECTIONS AND PUTTING WATER IN THE SLIDES; 2. SMALL FORCEPS FOR HANDLING DELICATE OBJECTS; 3. BLOTTING PAPER FOR REMOVING
SUPERFLUOUS WATER FROM THE SLIDES AND DRAWING FLUDS UNDER THE COVER GLASS; 4. PECES OF ELDER OR SUNFLOWER PITH, FOR HOLDING SMALL OBJECTS WHLE
making sections.

IN ADDITION TO THESE IMPLEVENTS, A FEW REAGENTS MAY BE RECOMVENDED FOR THE SIMALER HSTOLOGICAL WORK. THE MOST IMPORTANT OF THESE ARE
ALOOHOL, GLYCERINE, POTASH (A STRONG SOLUTION OF POTASSIUM HYDRATE IN WATER), IODINE (ETHER A LITTLE OF THE COMVERCAL TINCTURE OF IODINE IN WATER, OR,
BETTER, A SOLUTION OF IODINE IN IODIDE OF POTASSIUM), ACETIC ACID, AND SOVE STAINNG FLUD. (AN AQUEOUS OR ALCOHOLIC SOLUTION OF GENTIAN VIOLET OR METHYL
violet is one of the best.)

A CAREFUL REOORD SHOULD BE KEPT BY THE STUDENT OF ALL WORK DONE, BOTH BY MEANS OF WRITTEN NOTES AND DRAWINGS. FOR MOST PURPOSES PENCLL
DRAVWINGS ARE MOST CONVENIENT, AND THESE SHOULD BE MADE WITH A MODERATELY SOFT PENOLL ON UNRULED PAFER. | IT IS DESIRED TO MAKE THE DRAWINGS WITH
INK, A CAREFUL OUTLINE SHOULD FIRST BE MADE WITH A HARD PENCLL AND THS INKED OVER WITH INDIA-INK OR BLACK DRAWING INK. INK DRAWINGS ARE BEST MADE
upon light bristol board with a hard, smooth-finished surface.

VWHEN OBTAINABLE, THE STUDENT WILL DO BEST TO WORK WITH FRESHLY GATHERED SPECIVENS; BUT AS THESE ARE NOT ALWAY'S TO BE HAD WHEN WANTED, A FEW
words about gathering and preserving material may be of service.

MOST OF THE LOWER GREEN PLANTS ( algae) MAY BE KEPT FOR A LONG TIVE IN GLASS JARS OR OTHER VESSELS, PROVIDED CARE IS TAKEN TO REMOVE ALL DEAD
SFECIVENS AT FIRST AND TO RENEW THE WATER FROM TIVE TO TIVE. THEY USUALLY THRVE BEST IN A NORTH WINDOW WHERE THEY GET LITTLE OR NO DIRECT SUNSHNE, AND
itis well to avoid keeping them too warm.

NUVBERS OF THE MOST VALUABLE FUNG— /.6, THE LOWER PLANTS THAT ARE NOT GREEN—GROW SPONTANEOUSLY ON MANY ORGANIC SUBSTANCES THAT ARE KEPT



WARM AND MOIST. F RESH BREAD KEPT MOIST AND COVERED WITH A GLASS WILL IN A SHORT TIVE PRODUCE A VARED CROP OF MOULDS, AND FRESH HORSE MANURE
kept in the same way serves to support a still greater number of fungi.

Mosses, ferns, etc., can be raised with a little care, and of course very many flowering plants are readily grown in pots.

MOST OF THE SMALLER PARASITIC FUNGI (RUSTS, MLDBWS, ETC.) MAY BE KEPT DRY FOR ANY LENGTH OF TIVE, AND ON MOISTENNG WITH A WEAK SOLUTION OF
caustic potash will serve nearly as well as freshly gathered specimens for most purposes.

WHEN T IS DESIRED TO PRESERVE AS FERFECTLY AS POSSIBLE THE MORE DELICATE PLANT STRUCTURES FOR FUTURE STUDY, STRONG ALOOHOL IS THE BEST AND MOST
convenient preserving agent. Except for loss of color it preserves nearly all plant tissues perfectly.



CHAPTERIIL
THE CELL.

IF WE MAKE A THN SLICE ACROSS THE STEM OF A RAPDLY GROWNG PLANT,— €.g. GERANUV, BEGONA, CELERY,—NOWNT IT IN WATER, AND EXAMNE IT
MCROSOOFCALLY, IT WILL BE FOUND TO BE MADE UP OF NUMEROUS CAVITIES OR CHANVBERS SEPARATED BY DELICATE PARTITIONS. OFTEN THESE CAVITIES ARE OF
SUFFICIENT SIZE TO BE VISIBLE TO THE NAKED EYE, AND EXAMNED WITH A HAND LENS THE SECTION APPEARS LIKE A PECE OF FINE LACE, EACH MESH BENG ONE OF
the chambers visible when more strongly magnified. These chambers are known as “cells,” and of them the whole plant is built up.

—

-t
“"Q-—
ot

i T

A s
Ea™

T AT ey B T G m b g Y

.1—Asingle cell from a hair on the stamen of the common spiderwort (Tradescantia), x 150. pr. protoplasm; w; cell wall; n, nucleus.

In order to study the structure of the cell more exactly we will select such as may be examined without cutting them. Agood example is furnished by the common spiderwort (Fig. 1).
Altached to the base of the stamens (Fig. 85, B) are delicate hairs composed of chains of cells, which may be examined alive by carefully removing a stamen and placing it in a drop of
water under a cover glass. Each cell (Fig. 1) is an oblong sac, with a delicate colorless wall which chemical tests show to be composed of cellulose, a substance closely resembling
starch. Within this sac, and forming a lining to it, is a thin layer of colorless matter containing manyfine granules. Bands and threads of the same substance traverse the cavity of the cell,
which is filled with a deep purple homogeneous fluid. This fluid, which in most cells is colorless, is called the cell sap, and is composed mainly of water. Inbedded in the granular lining
of the sacis a roundish body (n), which itself has a definite membrane, and usually shows one or more roundish bodies within, besides an indistinctly granular appearance. This bodyis
called the nucleus of the cell, and the small one within it, the nucleolus.

The membrane surrounding the cell is known as the cell wall, and in young plant cells is always composed of cellulose.

The granular substance lining the cell wall (Fig. 1, pr.) is called “protoplasm,” and with the nucleus constitutes the living part of the cell. If sufficiently magnified, the granules within
the protoplasm will be seen to be in active streaming motion. This movement, which is very evident here, is not often so conspicuous, but still may often be detected without difficulty.

. 2—An Amaeba. Acell without a cell wall. n, nucleus; v, vacuoles, x 300.

THE CELL MAY BE REGARDED AS THE UNIT OF ORGANIC STRUCTURE, AND OF CELLS ARE BULT UP ALL OF THE COVPLICATED STRUCTURES OF WHICH THE BODIES OF THE
HGHEST ALANTS AND ANIVALS ARE COMPOSED. WE SHALL FIND THAT THE CELLS MAY BEOOME VERY MUCH MODIFIED FOR VARIOUS PURPOSES, BUT AT FIRST THEY ARE
almost identical in structure, and essentially the same as the one we have just considered.



TN -

. 3—Hairs from the leaf stalk of a wild geranium. A, single-celled hair. Band C, hairs consisting of a row of cells. The terminal rounded cell secretes a peculiar scented oil that gives the
plantits characteristic odor. B, % 50; C, x 150.

VERY MANY OF THE LOWER FORMS OF LIFE CONSIST OF BUT A SINGLE CELL WHCH MAY OCCASIONALLY BE DESTITUTE OF A CHLL WALL. SUCH A FORM IS SHOWN IN
Figure 2. HERE WE HAVE A MASS OF PROTOPLASM WITH A NUCLEUS ( N) AND CAVITES (VACUOLES, V) FILLED WITH CELL SAP, BUT NO CELL WALL. THE PROTORLASM IS IN
OONSTANT MOVEVENT, AND BY EXTENSIONS OF A PORTION OF THE MASS AND CONTRACTION OF OTHER PARTS, THE WHOLE CREEPS SLOWLY ALONG, OTHER NAKED CHLLS
(Eig. 12, B; Fig. 16, C) ARE FROVIDED WITH DELICATE THREAD-LIKE PROCESSES OF PROTORLASM CALLED “OlLIA” (SING.

cilium), WHCH ARE IN ACTIVE VIBRATION, AND
propel the cell through the water.

ep.

.4 —A, cross section. B, longitudinal section of the leaf stalk of wild geranium, showing its cellular structure. Ep. epidermis. h, a hair, x 50. C, a cell from the prothallium (young plant) of a
fern, x 150. The contents of the cell contracted by the action of a solution of sugar.

On placing a cell into a fluid denser than the cell sap (e.g. a ten-per-cent solution of sugar in water), a portion of the water will be extracted from the cell, and we shall then see the
protoplasm receding from the wall (Fig. 4, C), showing that it is normally in a state of tension due to pressure from within of the cell sap. The cell wall shows the same thing though in a

less degree, owing to its being much more rigid than the protoplasmic lining. It is owing to the partial collapsing of the cells, consequent on loss of water, that plants wither when the
supply of water is cut off.

AS CALS GROW, NBW ONES ARE FORVED IN VAROUS WAYS. |F THE NEW CELLS REVAIN TOGETHER, CHLL AGGREGATES, CALLED TISSUES, ARE PRODUCED, AND OF



THESE TISSUES ARE BULT UP THE VARIOUS ORGANS OF THE HGHER PLANTS. THE SIVPLEST TISSUES ARE ROWS OF CELLS, SUCH AS FORV THE HAIRS COVERING THE SURFACE
OF THE ORGANS OF MANY FLOWERNG FLANTS ( Fig. 3), AND ARE DUE TO A DVISION OF THE CELLS IN A SINGLE DIRECTION. IF THE DIVISIONS TAKE PLACE IN THREE FLANES,
masses of cells, such as make up the stems, etc., of the higher plants, result (Eig. 4, A, B).



CHAPTERIIL
CLASSIFICATION OF PLANTS.—PROTOPHYTES.

F OR THE SAKE OF CONVENENCE T IS DESIRABLE TO OOLLECT INTO GROUPS SUCH FLANTS AS ARE EVIDENTLY RELATED; BUT AS OUR KNOWLEDGE OF MANY FORVS IS
STILL VERY IMPERFECT, ANY CLASSIFICATION WE MAY ADOPT MUST BE TO A GREAT EXTENT ONLY PROVISIONAL, AND SUBJECT TO CHANGE AT ANY TIVE, AS NEW FORVS ARE
discovered or others become better understood.
The following general divisions are usually accepted: I. Sub-kingdom (or Branch); Il. Class; lll. Order; IV. Family; V. Genus; VI. Species.
TO ILLUSTRATE THE WHTE PINE BELONGS TO THE HGHEST GREAT DIVISION (SUB-KINGDOM) OF THE ALANT KINGDOM. THE FLANTS OF THIS DIVISION ALL PRODUCE
SEDS, AND HENCE ARE CALLED “SPERVAPHYTES” (“SEED FLANTS’). THEY MAY BE DIVIDED INTO TWO GROUPS (CLASSES), DISTINGUSHED BY OERTAIN PECULIARITIES
IN THE FLOWERS AND SEEDS. THESE ARE NAMVED RESPECTIVELY “GYMNOSPERVS” AND “ANGIOSPERVS,” AND TO THE FIRST OUR FLANT BELONGS. THE GYNMNOSPERVS
MAY BE FURTHER DIVIDED INTO SEVERAL SUBORDINATE GROUPS (ORDERS), ONE OF WHICH, THE CONIFERS, OR CONE-BEARNG EVERGREENS, INCLUDES OUR PLANT. THS
order includes several families, among them the fir family (Abietineae), including the pines and firs. Of the sub-divisions (genera, sing. genus) oF THe
FIR FAMLY, ONE OF THE MOST FAMLIAR IS THEGENUS ~ Pinus, WHCH BVBRACES ALL THE TRUE PINES. C OVPARNG DIFFERENT KINDS OF PINES, WE FIND THAT THEY DIFFER
IN THE FORM OF THE CONES, ARRANGEVENT OF THE LEAVES, AND OTHER MNOR PARTICULARS. THE FORM WE HAVE SHECTED DIFFERS FROM ALL OTHER NATIVE FORVS IN ITS
OONES, AND ALSO IN HAVING THE LEAVES IN FIVES, INSTEAD OF TWOS OR THREES, AS IN MOST OTHER KINDS. THEREFORE TO DISTINGUSH THE WHITE PINE FROM ALL OTHER
pines, itis given a “specific” name, strobus.
The following table will show more plainly what is meant:

Sub-kingdom,
Spermaphyta.
|

| Includes all spermaphytes, or seed plants. |

Class,
Gymnospermee.

| All naked-seeded plants. |

Order,
Coniferee.

| All cone-beari ng evergreens.

Family,
Abietinese.

| Firs, Pines, etc. |

Genus,
Pinus.

|
Pines.

Species,
Strobus.

|
White Pine.

SUB-KINGDOM I.
Protophytes.

THENAME PROTOPHYTES (- Protophyta) HAS BEEN APPLIED TO A LARGE NUVBER OF SIVPLE FLANTS, WHICH DIFFER A GOOD DEAL AMONG THEVSELVES. S OMVE
OF THEM DIFFER STRKINGLY FROM THE HGHER FLANTS, AND RESEVBLE SO REMARKABLY CERTAIN LOW FORVS OF ANIVAL LIFE AS TO BE QUITE INDISTINGUSHABLE FROM
THEM, AT LEAST IN CERTAIN STAGES. INDEED, THERE ARE CERTAIN FORMS THAT ARE QUITE AS MUCH ANMVAL AS VEGETABLE IN THER ATTRBUTES, AND MUST BE REGARDED
as connecting the two kingdoms. Such forms are the slime moulds (Fig. 5), Euglena (Eig. 9), Volvox (Eig. 10), and others.



.5.—A, a portion of a slime mould growing on a bit of rotten wood, x 3. B, outline of a part of the same, x 25. C, a small portion showing the densely granular character of the protoplasm,
x 150. D, a group of spore cases of a slime mould (Trichia), of about the natural size. E, two spore cases, x 5. The one at the right has begun to open. F, a thread (capillitium) and spores
of Trichia, x 50. G, spores. H, end of the thread, x 300. /, zodspores of Trichia, x 300. i, ciliated form; ii, amoeboid forms. n, nucleus. v, contractile vacuole. J, K, sporangia of two common
slime moulds. J, Stemonitis, x 2. K, Arcyria, x 4.

Other protophytes, while evidently enough of vegetable nature, are nevertheless very different in some respects from the higher plants.
THE PROTOPHYTES MAY BE DVIDED INTO THREE QLASSES: |. THE SLIME MOULDS ( Myxomycetes); |l. THE SCHzOPHYTES; Ill. THE GREEN MONADS
(Volvocinez).

CLass |.—THe SumE MouLps.

THESE CUROUS ORGANISMS ARE AMONG THE MOST PUZZLING FORMS WITH WHICH THE BOTANIST HAS TO DO, AS THEY ARE SO MUCH LIKE SOVE OF THE LOWEST
FORVS OF ANIVAL LIFE AS TO BE SCARCELY DISTINGUSHABLE FROM THEM, AND INDEED THEY ARE SOVETIVES REGARDED AS ANIVALS RATHER THAN ALANTS, AT CERTAN
STAGES THEY CONSIST OF NAKED MASSES OF FROTOPLASM OF VERY CONSIDERABLE SIZE, NOT INFREQUENTLY SEVERAL CENTIVETRES IN DAMETER. THESE ARE MET WITH
ON DECAYING LOGS IN DAMP WOODS, ON ROTTING LEAVES, AND OTHER DECAYING VEGETABLE MATTER. THE COMMONEST ONES ARE BRGHT YELLOW OR WHITISH, AND
FORM SOFT, SLIMY COVERINGS OVER THE SUBSTRATUM( Fig. 5, A), FENETRATING INTO ITS CREVICES AND SHOWING SENSITIVENESS TOWARD LIGHT. THE FLASMODIUM, AS
THE MASS OF PROTORLASM IS CALLED, MAY BE MADE TO CREEP UPON A SLIDE IN THE FOLLOWING WAY: A TUVBLER IS FILLED WITH WATER AND FLACED IN A SAUCER FILLED
WITH SAND. A STRIP OF BLOTTING PAPER ABOUT THE WIDTH OF THE SLIDE IS NOW FLACED WITH ONE END IN THE WATER, THE OTHER HANGING OVER THE EDGE OF THE GLASS
AND AGAINST ONE SIDE OF A SLIDE, WHICH IS THUS HELD UPRIGHT, BUT MUST NOT BE ALLOWED TO TOUCH THE SIDE OF THE TUVBLER. T HE STRP OF BLOTTING PAPER SUCKS
UP THE WATER, WHCH FLOWS SLOWLY DOWN THE SURFACE OF THE SLIDE IN CONTACT WITH THE BLOTTING PAPER. [F NOW A BIT OF THE SUBSTANCE UFON WHCH THE
FLASMODIUM IS GROWING IS FLACED AGAINST THE BOTTOM OF THE SLIDE ON THE SIDE WHERE THE STREAM OF WATER IS, THE PROTORLASM WILL CREEP UP AGAINST THE
CURRENT OF WATER AND SPREAD OVER THE SLIDE, FORMNG DHELICATE THREADS IN WHCH MOST ACTIVE STREAMNG MOVBVENTS OF THE CENTRAL GRANULAR PROTORLASM
MAY BE SEEN UNDER THE MCROSOOPE, AND THE ENDS OF THE BRANCHES MAY BE SEEN TO PUSH FORWARD MUCH AS WE SAW IN THE AMCEBA. IN ORDER THAT THE
EXPERIVENT MAY BE SUCCESSFUL, THE WHOLE APPARATUS SHOULD BE CAREFULLY PROTECTED FROM THE LIGHT, AND ALLOWED TO STAND FOR SEVERAL HOURS. THS POWER
of movement, as well as the power to take in solid food, are eminently animal characteristics, though the former is common to many plants as well.
After a longer or shorter time the mass of protoplasm contracts and gathers into little heaps, each of which develops into a structure that has no
RESEVBLANCE TO ANY ANIVAL, BUT WOULD BE AT ONCE FLACED WITH FLANTS. IN ONE COMMON FORM ( Trichia) THESE ARE ROUND OR PEAR-SHAPED BODIES OF A
yellow color, and about as big as a pin head (Fig. 5, D), O0OURRING IN GROUPS ON ROTTEN LOGS IN DAMP WOODS. O THERS ARE STALKED ( Arcyria, Stemonitis)
(Fig. 5, J, K), AND OF VAROUS OOLORS,—RED, BROWN, ETC. THE OUTER PART OF THE STRUCTURE IS A MORE OR LESS FIRM WALL, WHCH BREAKS WHEN RPE, DISCHARGING
a powdery mass, mixed in most forms with very fine fibres.

When strongly magnified the fine dust is found to be made up of innumerable small cells with thick walls, marked with ridges or processes which differ much in different species.
The fibres also differ much in different genera. Sometimes they are simple, hair-like threads; in others they are hollow tubes with spiral thickenings, often very regularly placed, running
around their walls.

The spores may sometimes be made to germinate by placing them in a drop of water, and allowing them to remain in a warm place for about twenty-four hours. If the experiment
has been successful, at the end of this time the spore membrane will have burst, and the contents escaped in the form of a naked mass of protoplasm (Zo6spore) with a nucleus, and
often showing a vacuole (Fig. 5, v), that alternately becomes much distended, and then disappears entirely. On first escaping it is usually provided with a long, whip-like filament of
protoplasm, which is in active movement, and by means of which the cell swims actively through the water (Fig. 5, / i). Sometimes such a cell will be seen to divide into two, the process

taking but a short time, so that the numbers of these cells under favorable conditions may become very large. After a time the lash is withdrawn, and the cell assumes much the form of a
small amoeba (/ii).

THE SUCCEEDING STAGES ARE DIFFICULT TO FOLLOW. AFTER REFEATEDLY DIVIDNG, A LARGE NUVBER OF THESE AMOEBA-LIKE CELLS RUN TOGETHER, COALESCONG
when they come in contact, and forming a mass of protoplasm that grows, and finally assumes the form from which it started.

Of the common forms of slime moulds the species of Trichia (Figs. D, I) and Physarum are, perhaps, the best for studying the germination, as the spores are larger than in most
other forms, and germinate more readily. The experiment is apt to be most successful if the spores are sown in a drop of water in which has been infused some vegetable matter, such
as a bit of rotten wood, boiling thoroughly to kill all germs. Adrop of this fluid should be placed on a perfectly clean cover glass, which itis well to pass once or twice through a flame, and
the spores transferred to this drop with a needle previously heated. By these precautions foreign germs will be awided, which otherwise may interfere seriously with the growth of the
young slime moulds. After sowing the spores in the drop of culture fluid, the whole should be inverted over a so-called “moist chamber.” This is simply a square of thick blotting paper, in
which an opening is cut small enough to be entirely covered by the cover glass, but large enough so that the drop in the centre of the cover glass will not touch the sides of the chamber,
but will hang suspended clear in it. The blotting paper should be soaked thoroughly in pure water (distilled water is preferable), and then placed on a slide, covering carefully with the



cover glass with the suspended drop of fluid containing the spores. The whole should be kept under cover so as to prevent loss of water by evaporation. By this method the spores may
be examined conveniently without disturbing them, and the whole may be kept as long as desired, so long as the blotting paper is kept wet, so as to prevent the suspended drop from
drying up.

Curass Il.—Schizophytes.

THE S CHZOPHYTES ARE VERY SMVALL PLANTS, THOUGH NOT INFREQUENTLY OOCURRING IN MASSES OF OONSIDERABLE SIZE. THEY ARE AMONG THE COMMONEST OF
ALL FLANTS, AND ARE FOUND EVERYWHERE. THEY MULTIRLY ALMOST ENTIRELY BY SIVALE TRANSVERSE DVISION, OR SALITTING OF THE CELLS, WHENCE THER NAME. THERE
ARE TWO FRETTY WELL-MARKED ORDERS,—THE BLUE-GREEN SLIMES ( Cyanophyceae) AND THE BACTERA ( Schizomycetes). THEY ARE DISTINGUSHED, FRVARLY,
by the first (with a very few exceptions) containing chlorophyll (leaf-green), which is entirely absent from nearly all of the latter.

THE BLUE-GREEN SLIVES: THESE ARE, WITH FEW EXCEPTIONS, GREEN PLANTS OF SIMPLE STRUCTURE, BUT POSSESSING, IN ADDITION TO THE ORDINARY GREEN
pigment (chlorophyll, or leaf-green), another coloring matter, soluble in water, and usually blue in color, though sometimes yellowish or red.



.6.—Blue-green slime (Oscillaria). A, mass of filaments of the natural size. B, single filament, x 300. C, a piece of a flament that has become separated. s, sheath, x 300.

AS A REPRESENTATIVE OF THE GROUP, WE WILL SELECT ONE OF THE COMMONEST FORMS ( Oscillaria), KNOWN SOVETIVES AS GREEN SLIVE, FROM FORMING A
DARK BLUE-GREEN OR BLACKISH SLIMY OOAT OVER THE MUD AT THE BOTTOM OF STAGNANT OR SLUGGISH WATER, IN WATERING TROUGHS, ON DAMP ROCKS, OR EVEN ON
MOIST EARTH. A SEARCH IN THE PLACES MENTIONED CAN HARDLY FAIL TO SECURE PLENTY OF SFECIVENS FOR STUDY. IF A BIT OF THE SLIMY VASS IS TRANSFERRED TO A
CHNA DISH, OR PLACED WITH CONSIDERABLE WATER ON A PIECE OF STIFF PAFER, AFTER A SHORT TIVE THE EDGE OF THE MASS WILL SHOW NUVEROUS EXTREVELY FINE
FLAMENTS OF A DARK BLUE-GREEN COLOR, RADATING IN ALL DIRECTIONS FROM THE MASS ( Fig. 6, a). THE FLAVENTS ARE THE INDIVIDUAL ALANTS, AND FOSSESS
OONSIDERABLE POWER OF MOTION, AS IS SHOWN BY LETTING THE MASS REVAIN UNDISTURBED FOR A DAY OR TWO, AT THE BND OF WHCH TIVE THEY WILL HAVE FORVED A
thin film over the surface of the vessel in which they are kept; and the radiating arrangement of the filaments can then be plainly seen.

IF THE MASS IS ALLOWED TO DRY ON THE PAPER, IT OFTEN LEAVES A BRGHT BLUE STAN, DUE TO THE BLUE AGVENT IN THE CELLS OF THE FILAMENT. THS BLUE OOLOR
CAN ALSO BE EXTRACTED BY PULVERZING A QUANTITY OF THE DRED FLANTS, AND FOURNG WATER OVER THEV, THE WATER SOON BECOMNG TINGED \ITH A DECIDED
BLUE. IF NOW THE WATER CONTAINNG THE BLUE PIGVENT IS FILTERED, AND THE RESIDUE TREATED WITH ALOOHOL, THE LATTER WILL EXTRACT THE OH.OROPHYLL, BECOMING
colored of a yellow-green.

The microscope shows that the filaments of which the mass is composed (Fig. 6, B) are single rows of short cylindrical cells of uniform diameter, except at the end of the filament,
where they usually become somewhat smaller, so that the tip is more or less distinctly pointed. The protoplasm of the cells has a few small granules scattered through it, and is colored

uniformly of a pale blue-green. No nucleus can be seen.

If the filament is broken, there may generally be detected a delicate, colorless sheath that surrounds it, and extends beyond the end cells (Fig. 6, ¢). The filament increases in length
by the individual cells undergoing division, this always taking place at right angles to the axis of the filament. New filaments are produced simply by the older ones breaking into a

number of pieces, each of which rapidly grows to full size.

THE NAME “OSOLLARA” ARSES FROM THE PECULIAR OSCILLATING OR SWINGING MOVEVENTS THAT THE FLANT EXHBITS. THE MOST MARKED MOVEMENT IS A
SWAYING FROM SIDE TO SIDE, COVBINED WITH A ROTARY MOTION OF THE FREE ENDS OF THE FILANENTS, WHCH ARE OFTEN TWISTED TOGETHER LIKE THE STRANDS OF A
ROFE. IF THE FILAMENTS ARE ENTIRALY FREE, THEY MAY OFTEN BE OBSERVED TO MOVE FORWARD WITH A SLOW, CREEPING MOVEVENT. J UST HOW THESE MOVEVENTS ARE
caused is still a matter of controversy.
The lowest of the Cyanophyceae ARE STRCILY SINGLE-CELLED, SEPARATING AS SOON AS FORVED, BUT COHERNG USUALLY IN MASSES OR COLONES BY MEANS
of a thick mucilaginous substance that surrounds them (Eig. 7, D).
THE HGHER ONES ARE FILAVENTS, IN WHCH THERE MAY BE CONSIDERABLE DIFFERENTIATION. THESE OFTEN OOCUR IN MASSES OF OONSIDERABLE SIZE, FORMNG
JELLY-LIKE LUMPS, WHCH MAY BE SOFT ORQUTEFRM( Fig. 7, A, B). THEY ARE SOVETIVES FOUND ON DAMP GROUND, BUT MORE COMMONLY ATTACHED TO PLANTS,
STONES, ETC., NWATER THE MASSES VARY IN OOLOR FROM LIGHT BROWN TO DEEP BLACKISH GREEN, AND IN SIZE FROM THAT OF A PIN HEAD TO SEVERAL CENTIVETRES IN
diameter.

. 7—Forms of Cyanophyceae. A, Nostoc. B, Glaeotrichia, x 1. C, individual of Gloeotrichia. D, Chrodcoccus. E, Nostoc. F, Oscillaria. G, H, Tolypothrix. All x 300. y, heterocyst. sp. spore.



IN THE HGHER FORVIS SPECIAL CHLLS CALLED HETEROCYSTS ARE FOUND. THEY ARE COLORLESS, OR LIGHT YELLOMSH, REGULARLY DISPOSED; BUT THER FUNCTION IS NOT
KNOWN. B ESIDES THESE, CERTAIN CELLS BEOOVE THOK-WALLED, AND FORM RESTING CELLS (SPORES) FOR THE PROPAGATION OF THE FLANT ( Fig. 7, C.sp.). IN SPECES
WHERE THE SHEATH OF THE FILAVENT IS WELL MARKED ( Fig. 7, H), GROUPS OF CELLS SLIP OUT OF THE SHEATH, AND DEVELOP A NEW ONE, THUS GIVING RISE TO A NEW
plant.

THE BACTERA ( Schizomycetes), ALTHOUGH AMONG THE COMVONEST OF ORGANISMS, OWING TO THER EXCESSIVE MNUTENESS, ARE DFFICLLT TO STUDY,
ESPECALLY FOR THE BEGNNER THEY RESEMBLE, IN THER GENERAL STRUCTURE AND METHODS OF REFRODUCTION, THE BLUE-GREEN SLIMES, BUT ARE, WITH VERY FEW
exceptions, destitute of chlorophyll, although often possessing bright pigments,—blue, violet, red, etc. It is one of these that sometimes forms blood-
RED SFOTS IN FLOUR PASTE OR BITS OF BREAD THAT HAVE BEEN KEPT VERY MOIST AND WARM. THEY ARE UNVERSALLY PRESENT WHERE DECOVPOSITION IS GONG ON,

AND ARE THEVSELVES THE FRNCPAL ~ AGENTS OF DECAY, WHCH IS THE RESULT OF THER FEEDING UPON THE SUBSTANCE, AS, LIKE ALL PLANTS WITHOUT CHLOROPHYLL, THEY
REQUIRE ORGANIC MATTER FOR FOOD. M OST OF THE SPEOES ARE VERY TENACIOUS OF LIFE, AND MAY BE COVALETELY DRED UP FOR A LONG TIVE WITHOUT DYING, AND ON

BENG FLACED IN WATER WILL QUOKLY REVIVE. BEING SO EXTREVELY SMVALL, THEY ARE READLY CARRED ABOUT IN THE AR IN THER DRIED-UP CONDITION, AND THUS FALL
upon exposed bodies, setting up decomposition if the conditions are favorable.

Fig. 8.—Bacteria.

A SIVALE EXPERIVENT TO SHOW THIS MAY BE PERFORVED BY TAKING TWO TEST TUBES AND PARITLY FILLING THEM WITH AN INFUSION OF ALMOST ANY ORGANC
SUBSTANCE (DRED LEAVES OR HAY, OR A BIT OF MEAT WILL ANSWER). THE FLUD SHOULD NOW BE BOILED SO AS TO KILL ANY GERVS THAT MAY BE IN IT; AND WHLE HOT,
ONE OF THE VESSH.S SHOULD BE SECURELY STOFFED UP WITH A ALUG OF OOTTON WOOL, AND THE OTHER LEFT OFEN. THE COTTON PREVENTS ACCESS OF ALL SOLID
PARTICLES, BUT ALLOWS THE ARR TO ENTER. IF PROPER CARE HAS BEEN TAKEN, THE INFUSION IN THE CLOSED VESSH. WILL REVAIN UNCHANGED INDEFINITELY; BUT THE OTHER
will soon become turbid, and a disagreeable odor will be given off. Microscopic examination shows the first to be free from germs of any kind, while
the second is swarming with various forms of bacteria.

THESE LITTLE ORGANSMS HAVE OF LATE YEARS ATTRACTED THE ATTENTION OF VERY MANY SCIENTISTS, FROM THE FACT THAT TO THEM IS DUE MANY, IF NOT ALL,
OONTAGIOUS DISEASES. THE GERVIS OF MANY SUCH DISEASES HAVE BEEN ISOLATED, AND EXPERIVENTS PROVE BEYOND DOUBT THAT THESE ARE ALONE THE CAUSES
of the diseases in question.

If a drop of water containing bacteria is examined, we find them to be excessively small, many of them barely visible with the strongest lenses. The larger ones (Fig. 8) recall quite

strongly the smaller species of oscillaria, and exhibit similar movements. Others are so small as to appear as mere lines and dots, even with the strongest lenses. Among the common

forms are small, nearly globular cells; oblong, rod-shaped or thread-shaped filaments, either straight or curved, or even spirally twisted. Frequently they show a quick movement which is
probablyin all cases due to cilia, which are, however, too small to be seen in most cases.

.9—FEuglena. A, individual in the active condition. E, the red “eye-spot.” ¢, flagellum. n, nucleus. B, resting stage. C, individual dividing, x 300.

Reproduction is for the most part by simple transverse division, as in oscillaria; but occasionally spores are produced also.

Cass l1l.—Gren Monaps (Volvocineae).



THS GROUP OF THE PROTOPHYTES IS UNQUESTIONABLY CLOSELY RELATED TO CERTAIN LOW ANIVALS ( Monads orFlagellata), WiTH WHCH THEY ARE SOVETIVES
UNTED. THEY ARE CHARACTERIZED BY BENG ACTVELY MOTILE, AND ARE HTHER STRCILY UNCELLULAR OR THE CELLS ARE UNTED BY A GELATINOUS ENVELOFE INTO A
colony of definite form.

Of the first group, Euglena (Fig. 9), may be selected as a type.

This organism is found frequently among other algae, and occasionally forms a green film on stagnant water. It is sometimes regarded as a plant, sometimes as an animal, and is
an elongated, somewhat worm-like cell without a definite cell wall, so that it can change its form to some extent. The protoplasm contains oval masses, which are bright green in color;
but the forward pointed end of the cell is colorless, and has a little depression. At this end there is a long vibratile protoplasmic filament (c), by means of which the cell mowes. There is
also to be seen near this end a red speck (e) which is probably sensitive to light. Anucleus can usually be seen if the cell is first killed with an iodine solution, which often will render the
flagellum (c) more evident, this being invisible while the cell is in motion. The cells multiply by division. Previous to this the flagellum is withdrawn, and a firm cell wall is formed about the
cell (Fig. 9, B). The contents then divide into two or more parts, which afterwards escape as new individuals.

. 10.—Volvox. A, mature colony, containing several smaller ones (x), x 50. B, Two cells showing the cilia, x 300.

Of the forms that are united in colonies[2] one of the best known is Volvox (Fig. 10). THS FLANT IS SOVETIVES FOUND IN QUET WATER, WHERE IT FLOATS
ON OR NEAR THE SURFACE AS A DARK GREEN BALL, JUST LARGE ENOUGH TO BE SEEN WITH THE NAKED EYE. THEY MAY BE KEPT FOR SOMVE TIVE IN AQUARIA, AND WILL
sometimes multiply rapidly, but are very susceptible to extremes of temperature, especially of heat.
The colony (Fig. 10, A) is a hollow sphere, the numerous green cells of which it is composed forming a single layer on the outside. By killing with iodine, and using a strong lens,
each cell is seen to be somewhat pear-shaped (Fig. B), with the pointed end out. Attached to this end are two vibratile filaments (cilia or flagella), and the united movements of these
cause the rolling motion of the whole colony. Usually a number of young colonies (Fig. x) are found within the mother colony. These arise by the repeated bipartition of a single cell, and

escape finally, forming independent colonies.
Another (sexual) form of reproduction occurs, similar to that found in many higher plants; but as it only occurs at certain seasons, it is not likely to be met with by the student.

OTHR FORVS RALATED TO VO/vOoX, AND SOVETIVES MET WITH, ARE Gonium, N WHCH THERE ARE SIXTEEN CELLS, FORMNG A FLAT SQUARE, Pandorina AND
Eudorina, with sixteen cells, forming an oval or globular colony like Volvox, BUT MUCH SMALLER. IN ALL OF THESE THE STRUCTURE OF THE CELLS IS ESSENTIALLY AS
in Volvox.



CHAPTER V.
SUB-KINGDOM II.
Alga.[3]

IN THE SECOND SUB-KINGDOM OF FLANTS IS BVBRACED AN ENORMOUS ASSEVBLAGE OF FLANTS, DIFFERNG WIDELY IN SIZE AND COVPLEXITY, AND YET SHOWING
A SUFFICENTLY OONMFLETE GRADATION FROM THE LOWEST TO THE HGHEST AS TO MAKE IT IMPRACTICABLE TO MAKE MORE THAN ONE SUB-KINGDOM TO INCLUDE THEM
THEY ARENEARLY ALL AQUATIC FORVS, ALTHOUGH MANY OF THEM WILL SURVIVE LONG FERIODS OF DRYING, SUCH FORVS OCCURRING ON MOIST EARTH, ROCKS, OR THE TRUNKS
of trees, but only growing when there is a plentiful supply of water.

ALL OF THEM POSSESS CHLOROPHYLL, WHCH, HOWEVER, IN MANY FORMS, IS HDDEN BY THE PRESENCE OF A BROWN OR RED PIGVENT. THEY ARE ORDINARLY
divided into three classes—I. The Green Algae (Chlorophyceee); Il. Brown Algae (Phaeophyceee); lll. Red Algee (Rhodophycese).

Class |.—Green Algee.

THE GREEN ALG ARE TO BE FOUND ALMOST EVERYWHERE WHERE THERE IS MOISTURE, BUT ARE ESPECIALLY ABUNDANT IN SLUGGISH OR STAGNANT FRESH WATER,
BEING MUCH LESS COMMON IN SALT WATER THEY ARE FOR THE MOST PART FLANTS OF SIVPLE STRUCTURE, MANY BEING UNICELLULAR, AND VERY FEW OF THEM FLANTS OF
large size.

WE MAY RECOGNZE FVE WHL-MARKED ORDERS OF THE GREEN ALGA—I. GREN SLIVES ( Protococcacese); |l. Confervaceae; Ill. POND souvs
(Conjugatee); V. Siphoneae; V. Stone-worts (Characeee).

OroR |.—Protococcaceae.

THE MBVBERS OF THS ORDER ARE MNUTE UNICELLULAR PLANTS, GROMING HTHER IN WATER OR ON THE DAMP SURFACES OF STONES, TREE TRUNKS, ETC. THE PLANTS
sometimes grow isolated, but usually the cells are united more or less regularly into colonies.

A COMMON REFRESENTATIVE OF THE ORDER IS THE OOMMON GREEN SLIVE, Protococcus (Fig. 11, A, C), WHCH FORMS A DARK GREEN SLIMY COATING OVER
stones, tree trunks, flower pots, etc. Owing to their minute size the structure can only be made out with the microscope.
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. 11.—Protococcaceae. A, C, Protococcus. A, single cells. B, cells dividing by fission. C, successive steps in the process of internal cell division. In Civ, the young cells have mostly
become free. D, a full-grown colony of Pediastrum. E, a young colony still surrounded by the membrane of the mother cell. F, Scenedesmus. Al, x 300. G, small portion of a young colony
of the water net (Hydrodictyon), x 150.

Scraping off a little of the material mentioned into a drop of water upon a slide, and carefully separating it with needles, a cover glass may be placed over the preparation, and it is
ready for examination. VWhen magnified, the green film is found to be composed of minute globular cells of varying size, which may in places be found to be united into groups. With a
higher power, each cell (Fig. 11, A) is seen to have a distinct cell wall, within which is colorless protoplasm. Careful examination shows that the chlorophyll is confined to several
roundish bodies that are not usually in immediate contact with the wall of the cell. These green masses are called chlorophyll bodies (chloroplasts). Toward the centre of the cell,
especiallyif it has first been treated with iodine, the nucleus may be found. The size of the cells, as well as the number of chloroplasts, varies a good deal.

With a little hunting, specimens in various stages of division may be found. The division takes place in two ways. In the first (Fig. 11, B), known as fission, a wall is formed across the
cell, dividing it into two cells, which may separate immediately or may remain united until they have undergone further division. In this case the original cell wall remains as part of the
wall of the daughter cells. Fission is the commonest form of cell multiplication throughout the vegetable kingdom.

The second form of cell division or intemnal cell division is shown at C. Here the protoplasm and nucleus repeatedly divide until a number of small cells are formed within the old one.
These dewelop cell walls, and escape by the breaking of the old cell wall, which is left behind, and takes no part in the process. The cells thus formed are sometimes provided with two
cilia, and are capable of active movement.

Internal cell division, as we shall see, is found in most plants, but only at special times.

Closely resembling Protococcus, and answering quite as well for study, are numerous aquatic forms, such as Chlorococcum (Fig. 12). These are for the most part destitute of a firm
cell wall, but are imbedded in masses of gelatinous substance like many Cyanophyceae. The chloroplasts are smaller and less distinct than in Protococcus. The cells are here oval
rather than round, and often show a clear space at one end.



Fig. 12.—Chlorococcum, a plant related to Profococcus, but the naked cells are surrounded by a colorless gelatinous envelope. A, motionless cells. B, a cell that has escaped from its
envelope and is ciliated, x 300.

Owing to the absence of a definite membrane, a distinction between fission and internal cell division can scarcely be made here. Often the cells escape from the gelatinous
enwvelope, and swim actively by means of two cilia at the colorless end (Fig. 12, B). In this stage they closely resemble the individuals of a Volvox colony, or other green Flagellata, to
which there is little doubt that they are related.

There are a number of curious forms common in fresh water that are probably related to Protococcus, but differ in having the cells united in colonies of definite form. Among the most

striking are the different species of Pediastrum (Fig. 11, D, E), often met with in company with other algee, and growing readily in aquaria when once established. They are of very elegant
shapes, and the number of cells some multiple of four, usually sixteen.

The cells form a flat disc, the outer ones being generally provided with a pair of spines.

New individuals arise byinternal division of the cells, the contents of each forming as many parts as there are cells in the whole colony. The young cells now escape through a cleft
in the wall of the mother cell, but are still surrounded by a delicate membrane (Fig. 11, E). Within this membrane the young cells arrange themselves in the form of the original colony;
and grow together, forming a new colony.

Amuch larger but rarer form is the water net (Fig. 11, G), in which the colony has the form of a hollow net, the spaces being surrounded by long cylindrical cells placed end to end.
Other common forms belong to the genus Scenedesmus (Fig. 11, F), of which there are many species.

Oror Il.—Confervacesze.

UNDER THS HEAD ARE INOLUDED A NUVBER OF FORVS OF WHCH THE SIVALEST ONES APPROACH CLOSELY, ESPECALLY IN THER YOUNGER STAGES, THE
Protococcaceae. Indeed, some of the so-called Protococcaceae are known to be only the early stages of these plants.

A common member of this order is Cladophora, A COARSE-BRANCHNG ALGA, GROMNG COMVONLY IN RUNNING WATER, WHERE IT FORMS TUFTS, SOVETIVES
a metre or more in length. By floating out a little of itin a saucer, itis easy to see that it is made up of branching filaments.

The microscope shows (Fig. 13, A) that these filaments are rows of cylindrical cells with thick walls showing evident stratification. At intervals branches are given off, which may in
turn branch, giving rise to a complicated branching system. These branches begin as litfle protuberances of the cell wall at the top of the cell. They increase rapidly in length, and
becoming slightly contracted at the base, a wall is formed across at this point, shutting it off from the mother cell.

The protoplasm lines the wall of the cell, and extends in the form of thin plates across the cavity of the cell, dividing it up into a number of irregular chambers. Imbedded in the
protoplasm are numerous flattened chloroplasts, which are so close together as to make the protoplasm appear almost uniformly green. Within the chloroplasts are globular, glistening
bodies, called “pyrenoids.” The cell has several nuclei, but they are scarcely evident in the living cell. By placing the cells for a few hours in a one per cent watery solution of chromic acid,
then washing thoroughly and staining with borax carmine, the nuclei will be made very evident (Fig. 13, B). Such preparations may be kept permanentlyin dilute glycerine.

. 13.—Cladophora. A, a fragment of a plant, x 50. B, a single cell treated with chromic acid, and stained with alum cochineal. n, nucleus. py. pyrenoid, x 150. C, three stages in the division
ofacell.i, 1.45 p.m.;ii, 2.55 p.m.; iii, 4.15 p.m., x 150. D, a zo6spore x 350.

If a mass of actively growing filaments is examined, some of the cells will probably be found in process of fission. The process is very simple, and may be easily followed (Fig. 13,
C). Aridge of cellulose is formed around the cell wall, projecting inward, and pushing in the protoplasm as it grows. The process is continued until the ring closes in the middle, cutting
the protoplasmic body completely in two, and forms a firm membrane across the middle of the cell. The protoplasm at this stage (C iii.) is somewhat contracted, but soon becomes
closely applied to the new wall. The whole process lasts, at ordinary temperatures (20°-25° C.), from three to four hours.

At certain times, but unfortunately not often to be met with, the contents of some of the cells form, by internal division, a large number of small, naked cells (zo6spores) (Fig. 13, D),
which escape and swim about actively for a time, and afterwards become invested with a cell wall, and grow into a new filament. These cells are called zospores, from their animal-like
movements. They are provided with two cilia, closely resembling the motile cells of the Protococcacese and Volvocineae.

THERE ARE VERY MANY EXAMPLES OF THESE SIVALE Confervaceae, SOME LKE Conferva BENG SIVLE ROWS OF CELLS, OTHERS LKE  Stigeoclonium
(Fig. 14, A), Chaetophora aND Draparnaldia (Eig. 14, B, C), VERY MUCH BRANCHED. THE TWO LATTER FORVS ARE SURROUNDED BY MASSES OF TRANSPARENT



jelly, which sometimes reach a length of several centimetres.

52380 0 6 BN W
. 14.—Confervaceee. A, Stigeoclonium. B, Draparnaldia, x 50. C, a piece of Draparnaldia, x 2. D, part of a filament of Conferva, x 300.

AMONG THE MARNE FORMS RELATED TO THESE MAY BE MENTIONED THE SEA LETTUCE ( Ulva), sHom N Figure 15. THE THN, BRGHT-GREEN, LEAF-LIKE FRONDS
of this plant are familiar to every seaside student.

. 15—Aplant of sea lettuce (Ulva). One-half natural size.

SoveMAT HGHER THAN  Cladophora AND TS ALLIES, ESPECALLY IN THE DIFFERENTIATION OF THE REFRODUCTIVE PARTS, ARE THE VAROUS SFECES OF
(Edogonium AND TS RELATIVES. THERE ARE NUMEROUS SPECES OF CEdogonium NOT UNOCOMMON IN STAGNANT WATER GROMNG IN COMPANY WITH OTHER ALG/E,
but seldom forming masses by themselves of sufficient size to be recognizable to the naked eye.

The plantis in structure much like Cladophora, except that it is unbranched, and the cells have but a single nucleus (Fig. 16, E). Even when not fruiting the filaments may usually be
recognized by peculiar cap-shaped structures at the top of some of the cells. These arise as the result of certain peculiarities in the process of cell division, which are too complicated to
be explained here.

There are two forms of reproduction, non-sexual and sexual. In the first the contents of certain cells escape in the form of large zodspores (Fig. 16, C), of oval form, having the
smaller end colorless and surrounded by a crown of cilia. After a short period of active motion, the zo6spore comes to rest, secretes a cell wall about itself, and the transparent end
becomes flattened out into a disc (E, d), by which it fastens itself to some object in the water. The upper part now rapidly elongates, and dividing repeatedly by cross walls, develops into
a filament like the original one. In many species special zodspores are formed, smaller than the ordinary ones, that attach themselves to the filaments bearing the female reproductive

organ (o6gonium), and grow into small plants bearing the male organ (antheridium), (Fig. 16, B).
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. 16.—A, portion of a filament of GEdogonium, with two o6gonia (0g.). The lower one shows the opening. B, a similar filament, to which is attached a small male plant with an antheridium
(an.). C, a 206spore of (GBdogonium. D, a similar spore germinating. E, base of a filament showing the disc (d) by which itis attached. F, another species of Gedogonium with a ripe spore
(sp.). G, part of a plant of Bulbocheete. C, D, x 300; the others x 150.

The sexual reproduction takes place as follows: Certain cells of a filament become distinguished by their denser contents and by an increase in size, becoming oval or nearly
globular in form (Fig. 16, A, B). When fully grown, the contents contract and form a naked cell, which sometimes shows a clear area at one point on the surface. This globular mass of
protoplasm is the egg cell, or female cell, and the cell containing itis called the “o6gonium.” When the egg cell is ripe, the odgonium opens by means of a little pore at one side (Fig. 16,
A).

In other cells, either of the same filament or else of the small male plants already mentioned, small motile cells, called spermatozoids, are formed. These are much smaller than the
egg cell, and resemble the zodspores in form, but are much smaller, and without chlorophyll. When ripe they are discharged from the cells in which they were formed, and enter the
odgonium. By careful observation the student may possibly be able to follow the spermatozoid into the o6gonium, where it enters the egg cell at the clear spot on its surface. As a result
of the entrance of the spermatozoid (fertilization), the egg cell becomes surrounded by a thick brown wall, and becomes a resting spore. The spore loses its green color, and the wall
becomes dark colored and differentiated into several layers, the outer one often provided with spines (Fig. 16, F). As these spores do not germinate for a long time, the process is only
known in a comparatively small number of species, and can hardly be followed by the ordinary student.

.17 —A, plant of Coleocheete, % 50. B, a few cells from the margin, with one of the hairs.

MucH LKE (Edogonium, BUT DFFERNG IN BENG BRANCHED, IS THE GENUS Bulbochaete, CHARACTERZED ALSO BY HAIRS SWOLLEN AT THE BASE, AND
prolonged into a delicate filament (Eig. 16, G).

THE HGHEST MBVBERS OF THE Confervaceae ARE THOSE OF THE GENUS  Coleocheaete (Fig. 17), OF WHCH THERE ARE SEVERAL SPECES FOUND IN THE
UNTED STATES. THESE SHOW SOMVE STRKING RESEVBLANCES TO THE RED SEAWEEDS, AND POSSIBLY FORM A TRANSITION FROM THE GREEN ALG/A TO THE RED. THE
COMVONEST SPECES FORM BRIGHT-GREEN DISCS, ADHERNG FIRVLY TO THE STEMS AND FLOATING LEAVES OF WATER LILES AND OTHER AQUATICS. IN AQUARA THEY
sometimes attach themselves in large numbers to the glass sides of the vessel.

Growing from the upper surface are numerous hairs, consisting of a short, sheath-like base, including a verylong and delicate filament (Fig. 17, B). In their methods of reproduction
they resemble (Edogonium, but the reproductive organs are more specialized.



CHAPTERV.

Green Algae—Continued.
Oroer I11.—P onp Scuws (Conjugatae).

THe Conjugatee, WHLE IN SOVE RESPECTS AFPROACHNG THE Confervaceae N STRUCTURE, YET DFFER FROM THEM TO SUCH AN EXTENT IN SOMVE RESPECTS
THAT THER OLOSE RELATIONSHP IS DOUBTFUL. THEY ARE VERY COMMON AND FAMLIAR FLANTS, SOVE OF THEM FORMING GREAT FLOATING MASSES UFON THE SURFACE OF
EVERY STAGNANT FOND AND DITCH, BENG COMMONLY KNOYWN AS “POND SCUM™ THE COMMONEST OF THESE FOND SCUMS BELONG TO THE GENUS Spirogyra, AND
ONE OF THESE WILL ILLUSTRATE THE CHARACTERISTICS OF THE ORDER W HEN IN ACTIVE GROWTH THESE MASSES ARE OF A VIVID GREEN, AND OWING TO THE FRESENCE OF A
GELATINOUS OOATING FEEL SLIMY, SLIPANG THROUGH THE HANDS WHEN ONE ATTEVPTS TO LIFT THEM FROM THE WATER. S PREAD OUT IN WATER, THE MASSES ARE SEEN TO
be composed of slender threads, often many centimetres in length, and showing no sign of branching.
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. 18.—A, a filament of a common pond scum (Spirogyra) separating into two parts. B, a cell undergoing division. The cell is seen in optical section, and the chlorophyll bands are omitted,
n, n', the two nuclei. C, a complete cell. n, nucleus. py. pyrenoid. D, E, successive stages in the process of conjugation. G, a ripe spore. H, a form in which conjugation takes place
between the cells of the same filament. All x 150.

For microscopical examination the larger species are preferable. WWhen one of these is magnified (Fig. 18, A, C), the unbranched filament is shown to be made up of perfectly
cylindrical cells, with rather delicate walls. The protoplasm is confined to a thin layer lining the walls, except for numerous fine filaments that radiate from the centrally placed nucleus (n),
which thus appears suspended in the middle of the cell. The nucleus is large and distinct in the larger species, and has a noticeably large and conspicuous nucleolus. The most
noticeable thing about the cell is the green spiral bands running around it. These are the chloroplasts, which in all the Conjugatee are of very peculiar forms. The number of these bands
varies much in different species of Spirogyra, but is commonly two or three. These chloroplasts, like those of other plants, are not noticeably different in structure from the ordinary
protoplasm, as is shown by extracting the chlorophyll, which may be done by placing the plants in alcohol for a short time. This extracts the chlorophyll, but a microscopic examination of
the decolored cells shows that the bands remain unchanged, except for the absence of color. These bands are flattened, with irregularly scalloped margins, and at intervals have
rounded bodies (pyrenoids) imbedded in them (Fig. 18, C, py.). The pyrenoids, especially when the plant has been exposed to the light for some time, are surrounded by a circle of small
granules, which become bluish when iodine is applied, showing them to be starch. (To show the effect of iodine on starch on a large scale, mixa little flour, which is nearly all starch,
with water, and add a little iodine. The starch will immediately become colored blue, varying in intensity with the amount of iodine.) The cells divide much as in Cladophora, but the
nucleus here takes part in the process. The division naturally occurs only at night, but by reducing the temperature at night to near the freezing point (4° C., or a little lower), the process
may be checked. The experiment is most conveniently made when the temperature out of doors approaches the freezing point. Then it is only necessary to keep the plants in a warm
room until about 10 p.m., when they may be put out of doors for the night. On bringing them in in the morning, the division will begin almost at once, and may be easily studied. The
nucleus divides into two parts, which remain for a time connected by delicate threads (Fig. 18, B), that finally disappear. A first no nucleoli are present in the daughter nuclei, but they
appear before the division is complete.

New filaments are formed by the breaking up of the old ones, this sometimes being very rapid. As the cells break apart, the free ends bulge strongly, showing the pressure exerted
upon the cell wall by the contents (Fig. 18, A).

SPORES LIKE THOSE OF  (Edogonium ARE FORVED, BUT THE PROCESS IS SOMEAHAT DIFFERENT. T OOCURS IN MOST SFECES LATE IN THE SPRING, BUT MAY
SOVETIVES BE MET WITH AT OTHER TIVES. THE MASSES OF FRUITING FLANTS USUALLY AFFEAR BROWNISH COLORED. IF SPFORES HAVE BEEN FORVED THEY CAN, IN THE
larger species at least, be seen with a hand lens, appearing as rows of dark-colored specks.

Two filaments lying side by side send out protuberances of the cell wall that grow toward each other until they touch (Fig. 18, D). At the point of contact, the wall is absorbed, forming
a continuous channel from one cell to the other. This process usually takes place in all the cells of the two filaments, so that the two filaments, connected by tubes at regular intenvals,
have the form of a ladder.

In some species adjoining cells of the same filament become connected, the tubes being formed at the end of the cells (Fig. 18, H), and the cell in which the spore is formed
enlarges.

Soon after the channel is completed, the contents of one cell flow slowly through it into the neighboring cell, and the protoplasm of the two fuses into one mass. (The union of the
nuclei has also been observed.) The young spore thus formed contracts somewhat, becoming oval in form, and soon secretes a thick wall, colorless at first, but afterwards becoming
brown and more or less opaque. The chlorophyll bands, although much crowded, are at first distinguishable, but later lose the chlorophyll, and become unrecognizable. Like the resting
spores of (Edogonium these require a long period of rest before germinating.



. 19.—Forms of Zygnemaceae. A, Zygnema. B, C, D, Mesocarpus. All x 150.

[ —— S

THERE ARE VARIOUS GENERA OF THE POND SCUMS, DIFFERNG IN THE FORM OF THE GHLOROPLASTS AND ALSO IN THE POSITION OF THE SPORES. OF THESE MAY BE
MENTONED  Zyghema (Fig. 19, A), WITH TWO STAR-SHAFED CHLOROFLASTS IN EACH CELL, AND  Mesocarpus (Fig. 19, B, D), IN WHCH THE SINGLE CH.ORORLAST
HAS THE FORM OF A THN MEDIAN ALATE. (B SHOWS THE AFPEARANCE FROM IN FRONT, C FROM THE SIDE, SHOWING THE THOKNESS OF THE PLATE.) Mesocarpus AND

the allied genera have the spore formed between the filaments, the contents of both the uniting cells leaving them.



.20.—Forms of Desmids. A, B, Closterium. C, D, D', Cosmarium. D, and D' show the process of division. E, F, Staurastrum; E seen from the side, Ffrom the end.

E VIDNILY RELATED TO THE POND SCUMS, BUT DIFFERING IN BENG FOR THE MOST PART STRCTLY UNCELLULAR, ARE THE DESMDS ( Fig. 20). THEY ARE CONFINED TO
FRESH WATER, AND SH.DOM OCCUR IN MASSES OF SUFFICIENT SIZE TO BE SEEN WITH THE NAKED EYE, USUALLY BEING FOUND ASSOCIATED WITH POND SCUMS OR OTHER
FILANVENTOUS FORVS. MANY OF THE MOST BEAUTIFUL FORMS MAY BE OBTAINED BY EXAMNNG THE MATTER ADHERNG TO THE LEAVES AND STEMS OF MANY FLOATING
water plants, especially the bladder weed (Utricularia) and other fine-leaved aquatics.
The desmids include the most beautiful examples of unicellular plants to be met with, the cells having extremely elegant outlines. The cell shows a division into two parts, and is
often constricted in the middle, each division having a single large chloroplast of peculiar form. The central part of the cell in which the nucleus lies is colorless.
Among the commonest forms, often growing with Spirogyra, are various species of Closterium (Fig. 20, A, B), recognizable at once by their crescent shape. The cell appears bright

green, except at the ends and in the middle. The large chloroplast in each half is composed of six longitudinal plates, united at the axis of the cell. Several large pyrenoids are always
found, often forming a regular line through the central axis. At each end of the cell is a vacuole containing small granules that show an active dancing movement.

THE DESMDS OFTEN HAVE THE POWER OF MOVEVENT, SWIMMING OR CREEPING SLOWLY OVER THE SLIDE AS WE EXAMNE THEV, BUT THE MECHANISM OF THESE
movements is still doubtful.
In their reproduction they closely resemble the pond scums.

OrDR IV—Siphonecze.

The Siphoneae ARE ALGE OCCURRNG BOTH IN FRESH AND SALT WATER, AND ARE DISTINGUSHED FROM OTHER ALG/E BY HAVING THE FORM OF A TUBE, UNDIVIDED

BY PARTITION WALLS, EXCEPT WHEN REPRODUCTION OCCURS. THE ONLY COMVION REPRESENTATIVES OF THE ORDER IN FRESH WATER ARE THOSE BELONGING TO THE GENUS
Vaucheria, BUT THESE ARE TO BE HAD ALMOST EVERYWHERE. THEY USUALLY OCCUR IN SHALLOW DITCHES AND PONDS, GROWING ON THE BOTTOM, OR NOT INFREQUENTLY
BECOMNG FREE, AND FLOATING WHERE THE WATER IS DEEFER. THEY FORM LARGE, DARK GREEN, FELTED MASSES, AND ARE SOVETIVES KNOWN AS “GREEN FELTS.”
S OVE SPECES GROW ALSO ON THE WET GROUND ABOUT SPRINGS. AN EXAMNATION OF ONE OF THE MASSES SHOWS IT TO BE MADE UP OF CLOSELY MATTED, HAIR-LIKE
threads, each of which is an individual plant.

In transferring the plants to the slide for microscopic examination, they must be handled very carefully, as they are very easily injured. Each thread is a long tube, branching
sometimes, but not divided into cells as in Spirogyra or Cladophora. If we follow it to the tip, the contents here will be found to be denser, this being the growing point. By careful focusing
it is easy to show that the protoplasm is confined to a thin layer lining the wall, the central cavity of the tube being filled with cell sap. In the protoplasm are numerous elongated

chloroplasts (cl.). and a larger or smaller number of small, shining, globular bodies (0/.). These latter are drops of oil, and, when the filaments are injured, sometimes run together, and
form drops of large size. No nucleus can be seen in the living plant, but by treatment with chromic acid and staining, numerous very small nuclei may be demonstrated.

.21—A, C, successive stages in the development of the sexual organs of a green felt (Vaucheria). an. antheridium. og. o6gonium. D, a ripe o6gonium. E, the same after it has opened. o,
the egg cell. F, aripe spore. G, a species in which the sexual organs are borne separately on the main filament. A, F, x 150. G, % 50. cl. chloroplasts. ol. oil.



When the filaments are growing upon the ground, or at the bottom of shallow water, the lower end is colorless, and forms a more or less branching root-like structure, fastening it to
the earth. These rootlets, like the rest of the filament, are undivided by walls.

One of the commonest and at the same time most characteristic species is Vaucheria racemosa (Fig. 21, A, F). The plant multiplies non-sexually by branches pinched off by a
constriction at the point where they join the main filament, or by the filament itself becoming constricted and separating into several parts, each one constituting a new individual.

The sexual organs are formed on special branches, and their arrangement is such as to make the species instantly recognizable.

The first sign of their development is the formation of a short branch (Fig. 21, A) growing out at right angles to the main filament. This branch becomes club-shaped, and the end
somewhat pointed and more slender, and curves over. This slender, curved portion is almost colorless, and is soon shut off from the rest of the branch. Itis called an “antheridium,” and
within are produced, by internal division, numerous excessively small spermatozoids.

As the branch grows, its contents become very dense, the oil drops especially increasing in number and size. About the time that the antheridium becomes shut off, a circle of buds
appears about its base (Fig. 21, B, 0g.). These are the young odgonia, which rapidly increase in size, assuming an oval form, and become separated by walls from the main branch (C).
Unlike the antheridium, the o6gonia contain a great deal of chlorophyll, appearing deep green.

When ripe, the antheridium opens at the end and discharges the spermatozoids, which are, however, so very small as scarcely to be visible except with the strongest lenses. They
are little oval bodies with two cilia, which may sometimes be rendered visible by staining with iodine.

.22 —A, non-sexual reproduction in Vaucheria sessilis. B, non-sexual spore of V. geminata, % 50.

The odgonia, which at first are uniformly colored, just before maturity show a colorless space at the top, from which the chloroplasts and oil drops have disappeared (D), and at the
same time this portion pushes out in the form of a short beak. Soon after the wall is absorbed at this point, and a portion of the contents is forced out, leaving an opening, and at the
same time the remaining contents contract to form a round mass, the germ or egg cell (Fig. 21, E, 0). Amost as soon as the odgonium opens, the spermatozoids collect about it and
enter; but, on account of their minuteness, it is almost impossible to follow them into the egg cell, or to determine whether sewveral or only one enter. The fertilized egg cell becomes
almost at once surrounded by a wall, which rapidly thickens, and forms a resting spore. As the spore ripens, it loses its green color, becoming colorless, with a few reddish brown
specks scattered through it (F).

In some species the sexual organs are borne directly on the filament (Fig. 21, G).

Large zodspores are formed in some of the green felts (Fig. 22, A), and are produced singly in the ends of branches that become swollen, dark green, and filled with very dense
protoplasm. This end becomes separated by a wall from the rest of the branch, the end opens, and the contents escape as a very large zo6spore, covered with numerous short cilia (A
ii). After a short period of activity, this loses its cilia, develops a wall, and begins to grow (iii, iv). Other species (B) produce similar spores, which, however, are not motile, and remain
within the mother cell until they are set free by the decay of its wall.

OroeRV.—Characesze.

The Characese, OR STONEWORTS, AS SOME OF THEM ARE CALLED, ARE SO VERY DIFFERENT FROM THE OTHER GREEN ALG/ THAT T IS HGHLY PROBABLE THAT THEY
should be separated from them.

THETYFEOF THEORDRRISTHEGENS ~ Chara (Fig. 23), CALLED STONEWORTS FROM THE QOATING OF CARBONATE OF LIVE FOUND IN MOST OF THEM, GIVING THEM
A HARSH, STONY TEXTURE. S EVERAL SPECIES ARE COMMON GROWING UPON THE BOTTOM OF FONDS AND SLOW STREAMS, AND RANGE IN SIZE FROM A FEW CENTIVETRES
to a metre or more in height.

THE ALANT (Fig. 23, A) CONSISTS OF A CENTRAL JOINTED AXIS WITH OROLES OF LEAVES AT EACH JONT OR NODE THE DISTANCE BETWEEN THE NODES
(INTERNODES) MAY IN THE LARGER SPECES REACH A LENGTH OF SEVERAL CENTIVETRES. THE LEAVES ARE SLENDER, CYLINDRICAL STRUCTURES, AND LIKE THE STEM
divided into nodes and internodes, and have at the nodes delicate leaflets.

AT EACH JOINT OF THE LEAF, IN FRUTING SPECIVENS, ATTACHED TO THE INNER SIDE, ARE BORNE TWO SMALL, ROUNDISH BODIES, IN THE COMVIONER SPECEES OF A
reddish color (Eig. 23, A, r). The lower of the two is globular, and bright scarlet in color; the other, more oval and duller.

E XAMNED WITH A LENS THE MAIN AXIS PRESENTS A STRATED AFPEARANCE. THE WHOLE FLANT IS HARSH TO THE TOUCH AND BRITTLE, OWING TO THE LIMY COATING.
It is fastened to the ground by fine, colorless hairs, or rootlets.



. 23.—A, plant of a stone-wort (Chara), one-half natural size. r, reproductive organs. B, longitudinal section through the apex S, apical cell. x, nodes. y, internodes. C, a young leaf. D, cross
section of an internode. E, of a node of a somewhat older leaf. F, G, young sexual organs seen in optical section. o, oégonium. An. antheridium. H, superficial view. G, I, group of
filaments containing spermatozoids. J, a small portion of one of these more magnified, showing a spermatozoid in each cell. K, free spermatozoids. L, a piece of a leaf with ripe
odgonium (0), and antheridium (An.). B, H, x 150. J, K, x 300. /, x 50. L, x 25.

By making a series of longitudinal sections with a sharp razor through the top of the plant, and magnifying sufficiently, it is found to end in a single, nearly hemispherical cell (Fig. 23,
B, S). This from its position is called the “apical cell,” and from it are derived all the tissues of the plant. Segments are cut off from its base, and these divide again into two by a wall
parallel to the first. Of the two cells thus formed one undergoes no further division and forms the central cell of an internode (y); the other divides repeatedly, forming a node or joint (x).

As the arrangement of these cells is essentially the same in the leaves and stem, we will examine it in the former, as by cutting several cross-sections of the whole bunch of young
leaves near the top of the plant, we shall pretty certainly get some sections through a joint. The arrangement is shown in Figure 23, E.

As the stem grows, a covering is formed over the large internodal cell (y) by the growth of cells from the nodes. These grow both from above and below, meeting in the middle of the
internode and completely hiding the long axial cell. A section across the internode shows the large axal cell (y) surrounded by the regularly arranged cells of the covering or cortex
(Fig. 23, D).

All the cells contain a layer of protoplasm next the wall with numerous oval chloroplasts. If the cells are uninjured, they often show a very marked movement of the protoplasm. These
movements are best seen, however, in forms like Nitella, where the long internodal cells are not covered with a cortex. In Chara they are most evident in the root hairs that fasten the plant
to the ground.

The growth of the leaves is almost identical with that of the stem, but the apical growth is limited, and the apical cell becomes finally very long and pointed (Fig. 23, C). In some
species the chloroplasts are reddish in the young cells, assuming their green color as the cells approach maturity.

The plant multiplies non-sexually by means of special branches that may become detached, but there are no non-sexual spores formed.

The sexual organs have already been noticed arising in pairs at the joints of the leaves. The odgonium is formed abowe, the antheridium below.

The young odgonium (F, O) consists of a central cell, below which is a smaller one surrounded by a circle of five others, which do not at first project above the central cell, but later
completely enwvelop it (G). Each of these five cells early becomes divided into an upper and a lower one, the latter becoming twisted as it elongates, and the central cell later has a small
cell cut off from its base by an oblique wall. The central cell forms the egg cell, which in the ripe o6gonium (L, O) is surrounded by five, spirally twisted cells, and crowned by a circle of five
smaller ones, which become of a yellowish color when full grown. They separate at the time of fertilization to allow the spermatozoids to enter the o6gonium.

The antheridium consists at first of a basal cell and a terminal one. The latter, which is nearly globular, divides into eight nearly similar cells by walls passing through the centre. In
each of these eight cells two walls are next formed parallel to the outer surface, so that the antheridium (apart from the basal cell) contains twenty-four cells arranged in three concentric
series (G, an.). These cells, especially the outer ones, develop a great amount of a red pigment, giving the antheridium its characteristic color.

The diameter of the antheridium now increases rapidly, and the central cells separate, leaving a large space within. Of the inner cells, the second series, while not increasing in
diameter, elongate, assuming an oblong form, and from the innermost are developed long filaments (/, J) composed of a single row of cells, in each of which is formed a spermatozoid.

The eight outer cells are nearlytriangular in outline, fitting together by deeply indented margins, and having the oblong cells with the attached filaments upon their inner faces.

If a ripe antheridium is crushed in a drop of water, after lying a few minutes the spermatozoids will escape through small openings in the side of the cells. They are much larger than
any we have met with. Each is a colorless, spiral thread with about three coils, one end being somewhat dilated with a few granules; the other more pointed, and bearing two extremely
long and delicate cilia (K). To see the cilia itis necessaryto kill the spermatozoids with iodine or some other reagent.

After fertilization the outer cells of the o6gonium become very hard, and the whole falls off, germinating after a sufficient period of rest.

/A COORDING TO THE ACCOUNTS OF P RINGSHEIM AND OTHERS, THE YOUNG PLANT CONSISTS AT FIRST OF A ROW OF ELONGATED CALLS, UPON WHCH A BUD IS FORVED
that develops into the perfect plant.

THERE ARE TWO FAMLIES OF THE  Characeee, the Chareae, oF wHcH Chara 1s THE TYFE, AND THE  Nitelleae, REPRESENTED BY VARIOUS SPECIES OF Nitella
AND Tolypella. THE SEOOND FAMLY HAVE THE INTERNODES WITHOUT ANY CORTEX—THAT IS, CONSISTING OF A SINGLE LONG CELL; AND THE CROAN AT THE TOP OF THE
odgonium is composed of ten cells instead of five. They are also destitute of the limy coating of the Charece.

B OTH AS REGARDS THE STRUCTURE OF THE FLANT ITSELF, AS WELL AS THE REFRODUCTIVE ORGANS, ESPECALLY THE VERY COVALEX ANTHERDIUM, THE Characeee ARE
very widely separated from any other group of plants, either above or below them.



CHAPTER VL.
THE BROWN ALGAE (Phaeophycez).
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.24 —Forms of diatoms. A, Pinnularia. i, seen from abowe; ii, from the side. B, Fragillaria (?). C, Navicula. D, F, Eunotia. E, Gomphonema. G, Cocconeis. H, Diatoma. Al x 300.

THESE PLANTS ARE ALL CHARACTERZED BY THE PRESENCE OF A BROWN AIGVENT, IN ADDITION TO THE CHLOROPHYLL, WHCH ALMOST ENTIRELY CONCEALS THE LATTER

GVING THE ALANTS A BROANSH OOLOR RANGING FROM A LIGHT YELLOMSH BROAN TO NEARLY BLACK. ONE ORDER OF FLANTS THAT POSSBLY BH.ONGS HERE
(Diatomaceee) are single celled, but the others are for the most part large seaweeds. The diatoms, which are placed in this class simply on account
OF THE COLOR, ARE FROBABLY NOT CLOSELY RELATED TO THE OTHER BROWN ALG/, BUT JUST WHERE THEY SHOULD BE ALACED IS DIFFICLLT TO SAY. IN SOVE RESPECTS THEY
APPROACH QUITE CLOSELY THE DESMDS, AND ARE NOT INFREQUENTLY REGARDED AS RELATED TO THEM. THEY ARE AMONG THE COMMONEST OF ORGANISMS OCCURRING
EVERYWHERE IN STAGNANT AND RUNNING WATER, BOTH FRESH

AND SALT, FORMNG USUALLY, SLIMY, YELLOMSH COATINGS ON STONES, MUD, AQUATIC PLANTS, ETC. LIKE
the desmids they may be single or united into filaments, and not infrequently are attached by means of a delicate gelatinous stalk (Eig. 25).

.25—Diatoms attached by a gelatinous stalk. x 150

the best lenses to make them out.

They are at once distinguished from the desmids by their color, which is always some shade of yellowish or reddish brown. The commonest forms, e.g. Navicula (Fig. 24, C), are
perfectly preserved, the flint making a perfect cast of it, looking like glass. These flinty shells exhibit wonderfully beautiful and delicate markings which are sometimes so fine as to test

boat-shaped when seen from abowve, but there is great variety in this respect. The cell wall is always impregnated with large amounts of flint, so that after the cell dies its shape is

This shell is composed of two parts, one shutting over the other like a pill boxand its cover. This arrangement is best seen in such large forms as Pinnularia (Fig. 24, Aii).

MOST OF THE DATOMS SHOW MOVEVENTS, SWIMMNG SLOALY OR GLIDNG OVER SOLID SUBSTANCES; BUT LIKE THE MOVEVENTS OF

Oscillaria AND THE
desmids, the movements are not satisfactorily understood, although several explanations have been offered.
They resemble somewhat the desmids in their reproduction.

THE TREBROWALGE.

THESE ARE ALL MARNE FORMS, MANY OF GREAT SIZE, REACHING A LENGTH IN SOVE CASES OF A HUNDRED METRES OR MORE, AND SHOWING A GOOD DEAL OF
differentiation in their tissues and organs.



.26.—A, a branch of common rock weed (Fucus), one-half natural size. x, end of a branch bearing conceptacles. B, section through a conceptacle containing odgonia (og.), x 25. C, E,
successive stages in the development of the o6gonium, x 150. F, G, antheridia. In G, one of the antheridia has discharged the mass of spermatozoids (an.), x 150.

ONE OF THE COMVONEST FORVS IS THE ORDINARY ROCK WEED ( Fucus), WHCOH COVERS THE ROCKS OF OUR NORTHEASTERN COAST WITH A HEAVY DRAPERY FOR
SEVERAL FEET ABOVE LOW-WATER MARK, SO THAT THE ALANTS ARE COMPLETELY EXPOSED AS THE TIDE RECEDES. THE COMMONEST SPECES, F. vesiculosus
(Fig. 26, A), IS DSTINGUSHED BY THE AR SACS WITH WHCH THE STEMS ARE PROVIDED. THE PLANT IS ATTACHED TO THE ROCK BY MEANS OF A SORT OF DISC OR ROOT
from which springs a stem of tough, leathery texture, and forking regularly at intervals, so that the ultimate branches are very numerous, and the plant
MAY REACH A LENGTH OF A METRE OR MORE. THE BRANCHES ARE FLATTENED AND LEAF-LIKE, THE CENTRE TRAVERSED BY A THOKENED MDRB. THE END OF THE GROWING
BRANCHES IS OCOUPED BY A TRANSVERSELY ELONGATED PIT OR DEFRESSION. THE GROWING FOINT IS AT THE BOTTOM OF THS PIT, AND BY A REGULAR FORKING OF THE
GROWING POINT THE SYMVETRCAL ~ BRANCHNG OF THE FLANT IS BROUGHT ABOUT. S CATTERED OVER THE SURFACE ARE LITTLE CROULAR PITS THROUGH WHOSE OPENINGS
PROTRUDE BUNCHES OF FINE HAIRS. VWHEN WET THE PLANT IS FLEXIBLE AND LEATHERY, BUT IT MAY BECOVE QUITE DRY AND HARD WITHOUT SUFFERNG, AS MAY BE SEEN
when the plants are exposed to the sun at low tide.

The air bladders are placed in pairs, for the most part, and buoy up the plant, bringing it up to the surface when covered with water.

THE INTEROR OF THE PLANT IS VERY SOFT AND GELATINOUS, WHILE THE OUTER PART FORMS A SORT OF TOUGH RND OF MUCH FIRVER CONSISTENCE. THE BENDS OF SOVE
OF THE BRANCHES ( Fig. 26, A, X) ARE USUALLY MUCH SWOLLEN, AND THE SURFACE COVERED WITH LITTLE ELEVATIONS FROM WHCH MAY OFTEN BE SEEN PROTRUDING
QLUSTERS OF HAIRS LIKE THOSE ARSING FROM THE OTHER PARTS OF THE FLANT. A SECTION THROUGH ONE OF THESE ENLARGED ENDS SHOWS THAT EACH BLEVATION
OORRESFONDS TO A CAVITY SITUATED BELOW IT. ON SOME OF THE FLANTS THESE CAVITIES ARE FILLED \WITH AN ORANGE-YELLOW MASS; IN OTHERS THERE ARE A NUVBER
of roundish olive-brown bodies large enough to be easily seen. The yellow masses are masses of antheridia; the round bodies, the odgonia.

IF THE PLANTS ARE GATHERED WHLE WET, AND PACKED SO AS TO PREVENT EVAPORATION OF THE WATER, THEY WILL KEEP PERFECTLY FOR SEVERAL DAYS, AND MAY
READLY BE SHFPED FOR LONG DISTANCES. IF THEY ARE TO BE STUDIED AWAY FROM THE SEASHORE, SECTIONS FOR MOROSCOPIC EXAMNATION SHOULD BE MOUNTED IN
SALT WATER (ABOUT 3 PARTS IN WEGHT OF COMMON SALT TO 100 OF WATER). IF FRESH MATERAL IS NOT TO BE HAD, DRED SPECIVENS OR ALOOHOLIC MATERAL WILL
answer pretty well.

To study the minute structure of the plant, make a thin cross-section, and mount in salt water. The inner part or pith is composed of loosely arranged, elongated cells, placed end to
end, and forming an irregular network, the large spaces between filled with the mucilaginous substance derived from the altered outer walls of these cells. This mucilage is hard when
dry, but swells up enormously in water, especially fresh water. The cells grow smaller and more compact toward the outside of the section, until there are no spaces of any size between
those of the outside or rind. The cells contain small chloroplasts like those of the higher plants, but owing to the presence of the brown pigment found in all of the class, in addition to the
chlorophyll, they appear golden brown instead of green.

No non-sexual reproductive bodies are known in the rock weeds, beyond small branches that occur in clusters on the margins of the main branches, and probably become
detached, forming new plants. In some of the lower forms, however, e.g. Ectocarpus and Laminaria (Fig. 28, A, C), zo8spores are formed.

The sexual organs of the rock weed, as we have already seen, are borne in special cavities (conceptacles) in the enlarged ends of some of the branches. In the species here
figured, F. vesiculosus, the antheridia and o6gonia are borne on separate plants; butin others, e.g. F. platycarpus, they are both in the same conceptacle.

The walls of the conceptacle (Fig. 26, B) are composed of closely interwoven filaments, from which grow inward numerous hairs, filling up the space within, and often extending out
through the opening at the top.

The reproductive bodies arise from the base of these hairs. The odgonia (Fig. 26, C, E) arise as nearly colorless cells, that early become divided into two cells, a short basal cell or
stalk and a larger terminal one, the odgonium proper. The latter enlarges rapidly, and its contents divide into eight parts. The division is at first indicated by a division of the central
portion, which includes the nucleus, and is colored brown, into two, four, and finally eight parts, after which walls are formed between these. The brown color spreads until the whole
odgonium is of a nearly uniform olive-brown tint.

When ripe, the upper part of the odgonium dissolves, allowing the eight cells, still enclosed in a delicate membrane, to escape (Fig. 27, H). Finally, the walls separating the inner
cells of the odgonium become also absorbed, as well as the surrounding membrane, and the eight egg cells escape into the water (Fig. 27, /) as naked balls of protoplasm, in which a
central nucleus maybe dimly seen.

The antheridia (Fig. 26, F, G) are small oblong cells, at first colorless, but when ripe containing numerous glistening, reddish brown dots, each of which is part of a spermatozoid.
When ripe, the contents of the antheridium are forced out into the water (G), leaving the empty outer wall behind, but still surrounded by a thin membrane. After a few minutes this
membrane is dissolved, and the spermatozoids are set free. These (Fig. 27, K) are oval in form, with two long cilia attached to the side where the brown speck, seen while still within the
antheridium, is conspicuous.

The act of fertilization may be easily observed by laying fresh antheridia into a drop of water containing recently discharged egg cells. To obtain these, all that is necessaryis to allow
freshly gathered plants to remain in the air until they are somewhat dry, when the ripe sexual cells will be discharged from the openings of the conceptacles, exuding as little drops, those



with antheridia being orange-yellow; the masses of odgonia, olive. Within a few minutes after putting the odgonia into water, the egg cells may be seen to escape into the water, when
some of the antheridia may be added. The spermatozoids will be quickly discharged, and collect immediately in great numbers about the egg cells, to which they apply themselves
closely, often setting them in rotation by the movements of their cilia, and presenting a most extraordinary spectacle (J). Owing to the small size of the spermatozoids, and the opacity of
the eggs, itis impossible to see whether more than one spermatozoid penetrates it; but from what is known in other cases it is not likely. The egg now secretes a wall about itself, and
within a short time begins to grow. It becomes pear-shaped, the narrow portion becoming attached to the parent plant or to some other object by means of rootlets, and the upper part
grows into the body of the young plant (Fig. 27, M).

.27 —H, the eight egg cells still surrounded by the inner membrane of the odgonium. /, the egg cells escaping into the water. J, a single egg cell surrounded by spermatozoids. K, mass
of spermatozoids surrounded by the inner membrane of the antheridium. L, spermatozoids. M, young plant. r, the roots. K, x 300; L, x 600; the others, x 150.

THE SIVALER BROAWN SEAWEEDS, SO FAR AS KNOWN, MULTIFLY ONLY BY MEANS OF ZOGSPORES, WHOH MAY GROW DRECTLY INTO NEW FLANTS, OR, AS HAS BEEN
OBSERVED IN SOVE SPECIES, TWO ZOOSPORES WILL FIRST UNITE. A FEW, LIKE Ectocarpus (Eig. 28, A), ARE SIVALE, BRANCHED FILAMENTS, BUT MOST ARE LARGE
PLANTS WITH COMPLEX TISSUES. OF THE LATTER, A FAMLIAR EXAVFLE IS THE COMVON KELP, “DEVIL'S APRON’ ( Laminaria), OFTEN THREE TO FOLR METRES IN LENGTH,
WITH A STOUT STALK, PROVIDED WITH ROOT-LIKE ORGANS, BY WHCH IT IS FIRVLY FASTENED. ABOVE, IT EXPANDS INTO A BROAD, LEAF-LIKE FROND, WHCH IN SOMVE

SFECES IS DVIDED INTO STRPS. RELATED TO THE KELFS IS THE GIANT KELP OF THE P AGFIC ( Macrocystis), WHCH IS SAID SOVETIVES TO REACH A LENGTH OF THREE
hundred metres.

.28 —Forms of brown seaweeds. A, Ectocarpus, % 50. Sporangia (sp.). B, a single sporangium, x 150. C, kelp (Laminaria), x &. D, E, gulf weed (Sargassum). D, one-half natural size. E,
natural size. v, air bladders. x, conceptacle bearing branches.

THE HGHEST OF THE OLASS ARE THE GULF WEEDS ( Sargassum), FLANTS OF THE WARMER SEAS, BUT ONE SPECES OF WHCH IS FOUND FROM CAPE C oD



southward (Fig. 28, D, E). THESE PLANTS FOSSESS DISTINCT STEVS AND LEAVES, AND THERE ARE STALKED AIR BLADDERS, LOOKING LIKE BERRES, GVING THE FLANT
a striking resemblance to the higher land plants.



CHAPTER VI
Class lll.—The Red Algae (Rhodophycez).

THESE ARE AMONG THE MOST BEAUTIFUL AND INTERESTING MEVBERS OF THE FLANT KINGDOM, BOTH ON ACOOUNT OF THER BEAUTIFUL OOLORS AND THE EXQUISITELY
GRACEFUL FORVS EXHBITED BY MANY OF THEVL UNFORTUNATELY FOR INLAND STUDENTS THEY ARE, WITH FEW EXCEPTIONS, CONFINED TO SALT WATER, AND OONSEQUENTLY
FRESH MATERAL IS NOT AVAILABLE. NEVERTHELESS, ENOUGH CAN BE DONE WITH DRED MATERAL TO GET A GOOD IDEA OF THER GENERAL AFFEARANCE, AND THE
FRUTING FLANTS CAN BE READLY PRESERVED IN STRONG ALOOHOL. SPECIVENS, SIVFLY DRED, MAY BE KEPT FOR AN INDEFINITE PEROD, AND ON BENG ALACED IN
WATER WILL ASSUVE PERFECTLY THE AFFEARANCE OF THE LIVING FLANTS. P ROLONGED EXFOSURE, HOWEVER, TO THE ACTION OF FRESH WATER EXTRACTS THE RED PGIVENT
THAT GIVES THEM THER CHARACTERSTIC COLOR. THS PIGVENT IS FOUND IN THE CHLOROPHYLL BODIES, AND USUALLY QUITE CONCEALS THE CHLOROPHYLL, \WHCH, HOWEVER,
becomes evident so soon as the red pigment is removed.

THE RED SEAWEEDS DIFFER MUCH IN THE COVPLEXITY OF THE FLANT BODY, BUT ALL AGREE IN THE PRESENCE OF THE RED FIGVENT, AND, AT LEAST IN THE MAN, IN

THER REFRODUCTION. THE SIVPLER ONES CONSIST OF ROAVS OF CHLLS, USUALLY BRANCHNG LIKE Cladophora; OTHERS FORM CHLL ALATES COMPARABLE TO  Ulva
(Fig. 30, C, D); WHLE OTHERS, AMONG WHCH IS THE WELL-KNOWN IRSH MOSS ( Chondrus), FORM FLANTS OF CONSIDERABLE SIZE, WITH PRETTY WELL DIFFERENTIATED

TISSUES. IN SUCH FORMS THE OUTER CHLLS ARE SMALLER AND FIRVER, CONSTITUTING A SORT OF RND; WHLE THE INNER PORTIONS ARE MADE UP OF LARGER AND LOOSER
cells, and may be called the pith. Between these extremes are all intermediate forms.

THEY USUALLY GROW ATTACHED TO ROCKS, SHELLS, WOOD, OR OTHER ALANTS, SUCH AS THE KELPS AND EVEN THE LARGER RED SEAWEEDS. THEY ARE MOST
abundant in the warmer seas, but still a considerable number may be found in all parts of the ocean, even extending into the Arctic regions.

.29.—A, a red seaweed (Callithamnion), of the natural size. B, a piece of the same, x 50. {, tetraspores. C iV, successive stages in the development of the tetraspores, x 150. Di, ii young
procarps. tr. trichogyne. iii, young; iv, ripe spore fruit. i, iii, x 150. iv, x 50. E, an antheridium, x 150. F, spore fruit of Polysiphonia. The spores are here surrounded by a case, x 50.

THE METHODS OF REPRODUCTION MAY BE BEST ILLUSTRATED BY A SPECIFIC EXAMFLE, AND FREFERABLY ONE OF THE SIMALER ONES, AS THESE ARE MOST READLY
studied microscopically.

THE FORM HERE ILLUSTRATED ( Callithamnion) GROWS ATTACHED TO WHARVES, ETC., BELOW LOW-WATER MARK, AND IS EXTREVELY DELICATE, OOLLAPSING
COVPLETELY WHEN REVOVED FROM THE WATER. THE COLOR IS A BRIGHT ROSY RED, AND WITH TS GRACEFUL FORM AND EXTREVE DELICACY IT MAKES ONE OF THE MOST
beautiful of the group.

If alcoholic material is used, it may be mounted for examination either in water or very dilute glycerine.

The plant is composed of much-branched, slender filaments, closely resembling Cladophora in structure, but with smaller cells (Fig. 29, B). The non-sexual reproduction is by
means of special spores, which from being formed in groups of four, are known as tetraspores. In the species under consideration the mother cell of the tetraspores arises as a small
bud near the upper end of one of the ordinary cells (Fig. 29, Ci). This bud rapidly increases in size, assuming an oval form, and becoming cut off from the cell of the stem (Fig. 29, C ii).
The contents now divide into four equal parts, arranged like the quadrants of a sphere. When ripe, the wall of the mother cell gives way, and the four spores escape into the water and
give rise to new plants. These spores, it will be noticed, differ in one important particular from corresponding spores in most algae, in being unprovided with cilia, and incapable of
spontaneous movement.

Occasionally in the same plant that bears tetraspores, but more commonly in special ones, there are produced the sexual organs, and subsequently the sporocarps, or fruits,
developed from them. The plants that bear them are usually stouter that the non-sexual ones, and the masses of ripe carpospores are large enough to be readily seen with the naked
eye.

If a plant bearing ripe spores is selected, the young stages of the female organ (procarp) may generally be found by examining the younger parts of the plant. The procarp arises
from a single cell of the filament. This cell undergoes division by a series of longitudinal walls into a central cell and about four peripheral ones (Fig. 29, Di). One of the latter divides next
into an upper and a lower cell, the former growing out into a long, colorless appendage known as a trichogyne (Fig. 29, D, tr.).

The antheridia (Fig. 29, E) are hemispherical masses of closely set colorless cells, each of which dewvelops a single spermatozoid which, like the tetraspores, is destitute of cilia,
and is dependent upon the movement of the water to conwey it to the neighborhood of the procarp. Occasionally one of these spermatozoids may be found attached to the trichogyne, and
in this way fertilization is effected. Curiously enough, neither the cell which is immediately fertilized, nor the one beneath it, undergo any further change; but two of the other peripheral
cells on opposite sides of the filament grow rapidly and develop into large, irregular masses of spores (Fig. 29, Diii, iv).

WHLE THE ALANT HERE DESCRBED MAY BE TAKEN AS A TYPE OF THE GROUP, IT MUST BE BORNE IN MND THAT MANY OF THEM DIFFER WIDELY, NOT ONLY IN THE



STRUCTURE OF THE PLANT BODY, BUT IN THE COMPLEXITY OF THE SEXUAL ORGANS AND SFORES AS WELL. THE TETRASPORES ARE OFTEN IMBEDDED IN THE TISSUES OF THE
FLANT, OR MAY BE IN SFECIAL RECEPTACLES, NOR ARE THEY ALWAYS ARRANGED IN THE SAME WAY AS HERE DESCRBED, AND THE SAME IS TRUE OF THE CARPOSFORES.

THESE LATTER ARE IN SOVE OF THE HGHER FORVS, e.g. Polysiphonia (Eig. 29, F), CONTAINED IN URN-SHAPED RECEPTACLES, OR THEY MAY BE BURED WITHIN THE
tissues of the plant.

. 30.—MVarine red seaweeds. A, Dasya. B, Rhodymenia (with smaller algee attached). C, Grinnellia. D, Delesseria. A, B, natural size; the others reduced one-half.

THE FRESHWATER FORVS ARE NOT COMMON, BUT MAY OCCASIONALLY BE MET WITH IN MLL STREAMS AND OTHER RUNNING WATER, ATTACHED TO STONES AND
WOODWORK, BUT ARE MUCH INFEROR IN SIZE AND BEAUTY TO THE MARNE SPECES. THE RED OOLOR IS NOT SO PRONOUNCED, AND THEY ARE, AS A RULE, SOVEAVHAT

dull colored.

T

. 31.—Fresh-water red algae. A, Batrachospermum, x about 12. B, a branch of the same, x 150. C, Lemanea, natural size.

The commonest genera are Batrachospermum and Lemanea (Fig. 31).



CHAPTER VIl
SUB-KINGDOM llL.
Fungi.

THE NAME “FUNG” HAS BEEN GIVEN TO A VAST ASSEVBLAGE OF FLANTS, VARYING MUCH AMONG THEVSELVES, BUT ON THE WHOLE OF ABOUT THE SAME
STRUCTURAL RANK AS THE ALGE. UNLIKE THE ALGZE, HOWEVER, THEY ARE ENTIRELY DESTITUTE OF CHLOROPHYLL, AND IN OONSEQUENCE ARE DEFENDENT UFON ORGANC
MATTER FOR FOOD, SOME BEING PARASITES (GROWING UPON LIVING ORGANISMVS), OTHERS SAPROPHYTES (FEEDING ON DEAD MATTER). S OVE OF THEM SHOW CLOSE
RESEVBLANCES IN STRUCTURE TO CERTAIN ALG/Z, AND THERE IS REASON TO BELIEVE THAT THEY' ARE DESCENDED FROM FORMS THAT ORGINALLY HAD CH.OROPHYLL; OTHERS
ARE VERY DIFFERENT FROM ANY GREEN PLANTS, THOUGH MORE OR LESS EVIDENTLY RELATED AMONG THEMSELVES. RECOGNZING THEN THESE DISTINCTIONS, WE NAY
make two divisions of the sub-kingdom: I. The Alga-Fungi (Phycomycetes), and Il. The True Fungi (Mycomycetes).

Crass |.—Phycomycetes.

THESE ARE FUNGI CONSISTING OF LONG, UNDIVIDED, OFTEN BRANCHNG TUBULAR FILAVENTS, RESEVBLING QUITE CLOSELY THOSE OF Vaucheria o0R OTHR
Siphoneae, BUT ALWAYS DESTITUTE OF ANY TRACE OF CHLOROPHYLL. THE SIMALEST OF THESE INCLUDE THE GOMVON MOULDS ( Mucorini), ONE OF WHCH WILL SERVE TO
illustrate the characteristics of the order.

IF A BIT OF FRESH BREAD, SLIGHTLY MOISTENED, IS KEPT UNDER A BHL JAR OR TUVBLER IN A WARM ROOM, IN THE COURSE OF TWENTY-FOUR HOURS OR SO IT WILL BE
OOVERED WITH A FILM OF FINE WHITE THREADS, AND A LITTLE LATER WILL PRODUCE A CROP OF LITTLE GLOBULAR BODIES MOUNTED ON UPRIGHT STALKS. THESE ARE AT FIRST
white, but soon become black, and the filaments bearing them also grow dark-colored.

THESE ARE MOULDS, AND HAVE GROWN FROM SPORES THAT ARE IN THE ATMOSPHERE FALLING ON THE BREAD, WHCH OFFERS THE PROPER CONDITIONS FOR THER
growth and multiplication.

ONE OF THE COMVONEST MOULDS IS THE ONE HERE FIGURED ( Fig. 32), AND NAMED  Mucor stolonifer, FROM THE RUNNERS, OR “STOLONS,” BY WHCH IT
SPREADS FROM ONE POINT TO ANOTHER. A'S IT GROWS IT SENDS OUT THESE RUNNERS ALONG THE SURFACE OF THE BREAD, OR EVEN ALONG THE INNER SURFACE OF THE
GLASS OOVERNG IT. THEY FASTEN THEMSHLVES AT INTERVALS TO THE SUBSTRATUM, AND SEND UP FROM THESE POINTS CLUSTERS OF SHORT FILAMENTS, EACH ONE TIFPED
with a spore case, or “sporangium.”

For microscopical study they are best mounted in dilute glycerine (about one-quarter glycerine to three-quarters pure water). After carefully spreading out the specimens in this
mixture, allow a drop of alcohol to fall upon the preparation, and then put on the cover glass. The alcohol drives out the air, which otherwise interferes badly with the examination.

The whole plant consists of a very long, much-branched, but undivided tubular filament. Where it is in contact with the substratum, root-like outgrowths are formed, not unlike those
observed in Vaucheria. At first the walls are colorless, but later become dark smoky brown in color. Alayer of colorless granular protoplasm lines the wall, becoming more abundant
toward the growing tips of the branches. The spore cases, “sporangia,” arise at the ends of upright branches (Fig. 32, C), which at first are cylindrical (a), but later enlarge at the end (b),
and become cut off by a convexwall (c). This wall pushes up into the young sporangium, forming a structure called the “columella.” WWhen fully grown, the sporangium is globular, and
appears quite opaque, owing to the numerous granules in the protoplasm filling the space between the columella and its outer wall. This protoplasm now divides into a great number of

small oval cells (spores), which rapidly darken, owing to a thick, black wall formed about each one, and at the same time the columella and the stalk of the sporangium become dark-
colored.

When ripe, the wall of the sporangium dissolves, and the spores (Fig. 32, E) are set free. The columella remains unchanged, and some of the spores often remain sticking to it

(Fig. 32, D).
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. 32.—A, common black mould (Mucor), x 5. B, three nearlyripe spore cases, x 25. C, development of the spore cases, i—iv, X 150; v, x 50. D, spore case which has discharged its spores.

E, spores, x 300. F, a form of Mucor mucedo, with small accessory spore cases, x 5. G, the spore cases, x 50. H, a single spore case, x 300. /, development of the zygospore of a black
mould, x 45 (after De Bary).

Spores formed in a manner strongly recalling those of the pond scums are also known, but only occur after the plants have grown for a long time, and hence are rarely met with

(Fig. 32, I).

ANOTHER COMMON MOULD (M. mucedo), OFTEN GROMNG IN COVPANY WITH THE ONE DESCRBED, DIFFERS FROM IT MAINLY IN THE LONGER STALK OF THE
SPORANGIUM, WHCH IS ALSO SMALLER, AND IN NOT FORMNG RUNNERS. THS SPECIES SOMETIVES BEARS CLUSTERS OF VERY SMALL SFORANGIA ATTACHED TO THE
middle of the ordinary sporangial filament (Fig. 32, F, H). These small sporangia have no columella.

Other moulds are sometimes met with, parasitic upon the larger species of Mucor.

RELATED TO THE BLACK MOULDS ARE THE INSECT MOULDS ( Entomopthorese), WHCOH ATTACK AND DESTROY INSECTS. THE COMMONEST OF THESE ATTACKS THE
HOUSE FLIES IN AUTUWN, WHEN THE FLIES, THUS INFESTED, MAY OFTEN BE FOUND STICKING TO WINDOW PANES, AND SURROUNDED BY A WHITISH HALO OF THE SFORES
that have been thrown off by the fungus.

ORDER Il.—WHTE RusTs AND MiLDEWS (Peronosporeze)

These are exclusively parasitic fungi, and grow within the tissues of various flowering plants, sometimes entirely destroying them.

AS A TYPE OF THS GROUP WE WILL. SELECT A VERY OOMMON ONE ( Cystopus bliti), THAT IS ALWAYS TO BE FOUND IN LATE SUMMER AND AUTUMN GROWING ON AG
weed (Amarantus). IT FORVS WHTISH, BLISTER-LIKE BLOTCHES ABOUT THE SIZE OF A AN HEAD ON THE LEAVES AND STEMS, BEING OOMVONEST ON THE UNDER SIDE
OF THE LEAVES ( Fig. 33, A). IN THE EARLIER STAGES THE LEAF DOES NOT APPEAR MUCH AFFECTED, BUT LATER BECOVES BROWN AND WITHERED ABOUT THE BLOTCHES
caused by the fungus.

If a thin vertical section of the leaf is made through one of these blotches, and mounted as described for Mucor, the latter is found to be composed of a mass of spores that have
been produced below the epidermis of the leaf, and have pushed it up by their growth. If the section is a very thin one, we may be able to make out the structure of the fungus, and then
find it to be composed of irregular, tubular, much-branched filaments, which, however, are not divided by cross-walls. These filaments run through the intercellular spaces of the leaf, and
send into the cells little globular suckers, by means of which the fungus feeds.

The spores already mentioned are formed at the ends of crowded filaments, that push up, and finally rupture the epidermis (Fig. 33, B). They are formed by the ends of the filaments
swelling up and becoming constricted, so as to form an oval spore, which is then cut off by a wall. The portion of the filament immediately below acts in the same way, and the process is
repeated until a chain of half a dozen or more may be produced, the lowest one being always the last formed. When ripe, the spores are separated by a thin neck, and become very easily
broken off.

In order to follow their germination it is only necessary to place a few leaves with fresh patches of the fungus under a bell jar or tumbler, inverted over a dish full of water, so as to
keep the air within saturated with moisture, but taking care to keep the leaves out of the water. After about twenty-four hours, if some of the spores are scraped off and mounted in water,
they will germinate in the course of an hour or so. The contents divide into about eight parts, which escape from the top of the spore, which at this time projects as a little papilla. On
escaping, each mass of protoplasm swims away as a zodspore, with two extremely delicate cilia. After a short time it comes to rest, and, after developing a thin cell wall, germinates by
sending out one or two filaments (Fig. 33, C, E).



.33.—A, leaf of pig-weed (Amarantus), with spots of white rust (c), one-half natural size. B, non-sexual spores (conidia). C, the same germinating. D, zodspores. E, germinating
2o00spores. sp. the spore. F, young. G, mature sexual organs. In G, the tube may be seen connecting the antheridium (an.), with the egg cell (0). H, a ripe resting spore still surrounded by
the wall of the o6gonium. /, a part of a filament of the fungus, showing its irregular form. All x 300.

Under normal conditions the spores probably germinate when the leaves are wet, and the filaments enter the plant through the breathing pores on the lower surface of the leaves,
and spread rapidly through the intercellular spaces.

Later on, spores of a very different kind are produced. Unlike those already studied, they are formed some distance below the epidermis, and in order to study them satisfactorily, the
fungus must be freed from the host plant. In order to do this, small pieces of the leaf should be boiled for about a minute in strong caustic potash, and then treated with acetic or
hydrochloric acid. By this means the tissues of the leaf become so soft as to be readily removed, while the fungus is but little affected. The preparation should now be washed and
mounted in dilute glycerine.

The spores (odspores) are much larger than those first formed, and possess an outer coat of a dark brown color (Fig. 33, H). Each spore is contained in a large cell, which arises as
a swelling of one of the filaments, and becomes shut off by a wall. A first (Fig. 33, F) its contents are granular, and fill it completely, but later contract to form a globular mass of
protoplasm (G. 0), the germ cell or egg cell. The whole is an odgonium, and differs in no essential respect from that of Vaucheria.

Frequently a smaller cell (antheridium), arising from a neighboring filament, and in close contact with the odgonium, may be detected (Fig. 33, F, G, an.), and in exceptionally
favorable cases a tube is to be seen connecting it with the germ cell, and by means of which fertilization is effected.

After being fertilized, the germ cell secretes a walll, at first thin and colorless, but later becoming thick and dark-colored on the outside, and showing a division into several layers, the
outermost of which is dark brown, and covered with irregular reticulate markings. These spores do not germinate at once, but remain over winter unchanged.

.34 —Fragment of a filament of the white rust of the shepherd’s-purse, showing the suckers (h), x 300.

IT IS BY NO MEANS IMPOSSBLE THAT SOVETIVES THE GERM CHLL MAY DEVELOP INTO A SPORE WITHOUT BENG FERTILIZED, AS IS THE CASE IN MANY OF THE
water moulds.

. 35.—Non-sexual spores of the vine mildew (Peronospora viticola), x 150.

CLOSALY RELATED TO THE SPECES ABOVE DESCRBED IS ANOTHER ONE ( C. candidus), WHCH ATTACKS SHEPHERD S-PURSE, RADISH, AND OTHERS OF THE
mustard family, upon which it forms chalky white blotches, and distorts the diseased parts of the plant very greatly.

For some reasons this is the best species for study, longitudinal sections through the stem showing very beautifully the structure of the fungus, and the penetration of the cells of the
host[4] by the suckers (Fig. 34).

VERY SMLAR TO THE WHITE RUSTS IN MOST RESPECTS, BUT DIFFERNG IN THE ARRANGEVENT OF THE NON-SEXUAL SFORES, ARE THE MLDBEWS ( Peronospora,



Phytophthora). THESE FLANTS FORM MOULDY-LOOKING PATCHES ON THE LEAVES AND STEMS OF MANY FLANTS, AND ARE OFTEN VERY DESTRUCTIVE. AMONG THEM ARE
the vine mildew (Peronospora viticola) (Fig. 35), the potato fungus (Phytophthora infestans), and many others.

ORoer lIl.—Saprolegniaceze (WATER MouLps).

THESE PLANTS RESEVBLE QUITE CLOSELY THE WHITE RUSTS, AND ARE PROBABLY RELATED TO THEM. THEY GROW ON DECAYING ORGANC MATTER IN WATER, OR
SOVETIVES ON LIVING WATER ANVALS, FISH, ORUSTACEANS, ETC. THEY MAY USUALLY BE HAD FOR STUDY BY THROWING INTO WATER TAKEN FROM A STAGNANT FOND OR
AQUARUM, A DEAD FLY OR SOVE OTHER INSECT. AFTER A FEW DAYS IT WILL PROBABLY BE FOUND COVERED WITH A DENSE GROWTH OF FINE, WHTE FILAVENTS, STANDNG

OUT FROM IT IN ALL DRECTIONS ( Fig. 36, A). SOMBAMHAT LATER, IF CAREFULLY EXAMNED WITH A LENS, LITTLE ROUND, \WHITE BODIES MAY BE SEEN SCATTERED ANONG
the filaments.

.36.—A, an insect that has decayed in water, and become attacked by a water mould (Saprolegnia), natural size. B, a ripe zodsporangium, x 100. C, the same discharging the spores. D,

active. E, germinating zo6spores, x 300. F, a second sporangium forming below the empty one. Gi-iv, development of the o6gonium, x 100. H, ripe odgonium filled with resting spores,
x100.

On carefully removing a bit of the younger growth and examining it microscopically, it is found to consist of long filaments much like those of Vaucheria, but entirely destitute of
chlorophyll. In places these filaments are filled with densely granular protoplasm, which when highly magnified exhibits streaming movements. The protoplasm contains a large amount
of oil in the form of small, shining drops.

In the early stages of its growth the plant multiplies by zodspores, produced in great numbers in sporangia at the ends of the branches. The protoplasm collects here much as we
saw in V. sessilis, the end of the filament becoming club-shaped and ending in a short protuberance (Fig. 36, B). This end becomes separated by a wall, and the contents divide into
numerous small cells that sometimes are naked, and sometimes have a delicate membrane about them. The first sign of division is the appearance in the protoplasm of delicate lines
dividing it into numerous polygonal areas which soon become more distinct, and are seen to be distinct cells whose outlines remain more or less angular on account of the mutual
pressure. WWhen ripe, the end of the sporangium opens, and the contained cells are discharged (Fig. 36, C). In case they have no membrane, they swim away at once, each being
provided with two cilia, and resembling almost exactly the zodspores of the white rust (Fig. 36, D, E). When the cells are surrounded by a membrane they remain for some time at rest,
but finally the contents escape as a zodspore, like those already described. By killing the zodspores with a little iodine the granular nature of the protoplasm is made more evident, and
the cilia maybe seen. They soon come to rest, and germinate in the same way as those of the white rusts and mildews.

As soon as the sporangium is emptied, a new one is formed, either by the filament growing up through it (Fig. 36, F) and the end being again cut off, or else by a branch budding out
just below the base of the empty sporangium, and growing up by the side of it.

Besides zodspores there are also resting spores developed. Odgonia like those of Vaucheria or the Peronosporeee are formed usually after the formation of zodspores has ceased;
butin many cases, perhaps all, these develop without being fertilized. Antheridia are often wanting, and even when they are present, itis very doubtful whether fertilization takes place.[5]

The odgonia (Fig. 36, G, H) arise at the end of the main filaments, or of short side branches, very much as do the sporangia, from which they differ at this stage in being of globular
form. The contents contract to form one or several egg cells, naked at first, but later becoming thick-walled resting spores (H).



CHAPTER IX.
THE TRUE FUNGI (Mycomycetes).

THE GREAT MAJORITY OF THE FLANTS ORDINARLY KNOWN AS fungi ARE BVBRACED UNDER THS HEAD. VW HLE SOVE OF THE LOWER FORVS SHOW AFFINITIES WITH THE
Phycomycetes, AND THROUGH THEM WITH THE ALGZ, THE GREATER NUVBER DIFFER VERY STRONGLY FROM ALL GREEN FLANTS BOTH IN THER HABITS AND IN THER
STRUCTURE AND REFRODUCTION. [T IS A MUCH-DISPUTED FOINT WHETHER SEXUAL REPRODUCTION OOCURS IN ANY OF THEM, AND IT IS HGHLY PROBABLE THAT IN THE GREAT
majority, at any rate, the reproduction is purely non-sexual.

P ROBABLY TO BE RECKONED WITH THE Mycomycetes, BUT OF DOUBTFUL AFFINITIES, ARE THE SMALL UNICELLULAR FUNGI THAT ARE THE MAIN CAUSES OF ALCOHOLIC
FERVENTATION, THESE ARE THE YEAST FUNGI ( Saccharomycetes). THEY CAUSE THE FERVENTATION OF BEER AND WINE, AS WELL AS THE INCIPIENT FERVENTATION IN
bread, causing it to “rise” by the giving off of bubbles of carbonic acid gas during the process.

IF A LITTLE COMMON YEAST IS PUT INTO WATER CONTAINNG STARCH OR SUGAR, AND KEPT IN A WARM ALACE, IN A SHORT TIVE BUBBLES OF GAS WILL MAKE THER
appearance, and after a little longer time alcohol may be detected by proper tests; in short, alcoholic fermentation is taking place in the solution.

If a little of the fermenting liquid is examined microscopically, it will be found to contain great numbers of very small, oval cells, with thin cell walls and colorless contents. A careful
examination with a strong lens (magnifying from 500-1000 diameters) shows that the protoplasm, in which are granules of varying size, does not fill the cell completely, but that there are
one or more large vacuoles or spaces filled with colorless cell sap. No nucleus is visible in the living cell, but it has been shown that a nucleus is present.

If growth is active, many of the cells will be seen dividing. The process is somewhat different from ordinaryfission and is called budding (Fig. 37, B). Asmall protuberance appears at

the bud or at the side of the cell, and enlarges rapidly, assuming the form of the mother cell, from which it becomes completely separated by the constriction of the base, and may fall off
at once, or, as is more frequently the case, may remain attached for a time, giving rise itself to other buds, so that not infrequently groups of half a dozen or more cells are met with

(Fig. 37, B, C).

.37 —A, single cells of yeast. B, C, similar cells, showing the process of budding, x 750.

THAT THE YEAST CELLS ARE THE PRINCIPAL AGENTS OF ALOOHOLIC FERVENTATION MAY BE SHOWN IN MUCH THE SAME WAY THAT BACTERA ARE SHOWN TO CAUSE
ordinary decomposition. Liquids from which they are excluded will remain unfermented for an indefinite time.

THERE HAS BEEN MUCH CONTROVERSY AS TO THE SYSTEMATIC FOSITION OF THE YEAST FUNG, WHICH HAS NOT YET BEEN SATISFACTORLY SETTLED, THE QUESTION
BENG WHETHER THEY ARE TO BE REGARDED AS INDEFENDENT FLANTS OR ONLY ONE STAGE IN THE LIFE HSTORY OF SOME HGHER FUNG! (POSSBLY THE Smuts), wHcH
through cultivation have lost the power of developing further.

Cuass |.—THe Swmurs (Ustillagineze).

THE SMUTS ARE COMVON AND OFTEN VERY DESTRUCTIVE PARASITIC FUNG, LIVING ENTIRELY WITHIN THE TISSUES OF THE HGHER PLANTS. OWING TO THS, AS WELL AS
TO THE EXCESSIVELY SMALL SPORES AND DIFFICULTY IN GERVINATING THEM, THE FLANTS ARE VERY DIFFICULT OF STUDY, EXCEPT IN A GENERAL WAY, AND WE WILL CONTENT
OURSELVES WITH A GLANCE AT ONE OF THE COMMON FORMS, THE QORN SMUT (Ustillago maydis). THS FAMLIAR FUNGUS ATTACKS INDIAN CORN, FORMING TS SFORES
in enormous quantities in various parts of the diseased plant, but particularly in the flowers (“tassel’ and young ear).
The filaments, which resemble somewhat those of the white rusts, penetrate all parts of the plant, and as the time approaches for the formation of the spores, these branch
extensively, and at the same time become soft and mucilaginous (Fig. 38, B). The ends of these short branches enlarge rapidly and become shut off by partitions, and in each a globular

spore (Fig. 38, C) is produced. The outer wall is very dark-colored and provided with short spines. To study the filaments and spore formation, very thin sections should be made through
the young kemnels or other parts in the vicinity, before they are noticeably distorted by the growth of the spore-bearing filaments.



. 38.—A, “tassel” of comn attacked by smut (Ustillago). B, filaments of the fungus from a thin section of a diseased grain, showing the beginning of the formation of the spores, x 300. C,
ripe spores, x 300.

A'S THE SPORES ARE FORVING, AN ABNORVAL GROWTH IS SET UP IN THE CELLS OF THE PART ATTACKED, WHICH IN CONSEQUENCE BECOVES ENORMOUSLY ENLARGED
(Fig. 38, A), SINGLE GRAINS SOVETIVES GROWING AS LARGE AS A WALNUT. A'S THE SFORES RFEN, THE AFFECTED PARTS, WHCH ARE AT FIRST WHITE, BECOVE A LVID
GRAY, DUE TO THE BLACK SPORES SHNING THROUGH THE OVERLYING WHITE TISSUES. FINALLY THE MASSES OF SPORES BURST THROUGH THE OVERLYING CELLS, AFFEARNG
like masses of soot, whence the popular name for the plant.

The remaining Mycomycetes ARE PRETTY READLY DVISBLE INTO TWO GREAT CLASSES, BASED UPON THE ARRANGEVENT OF THE SPORES. THE FIRST OF THESE IS
known as the Ascomycetes (Sac fungi), the other the Basidiomycetes (mushrooms, puff-balls, etc.).

Cuass Il.—Ascomycetes (SAc Funal).

THS CLASS INCLUDES A VERY GREAT NUVBER OF COMMON ALANTS, ALL RESEVBLING EACH OTHER IN FRODUONG SPORES IN SACS ( ascl, SNG. ascus) THAT ARE
USUALLY OBLONG IN SHAFE, AND EACH CONTAINING HGHT SPORES, ALTHOUGH THE NUVBER IS NOT ALWAYS THE SAVE. B ESIDES THE SPORES FORVED IN THESE SACS
(ascospores), there are other forms produced in various ways.

THERE ARE TWO MAIN DIVISIONS OF THE CLASS, THE FIRST INOLUDING ONLY A FEW FORMS, MOST OF WHICH ARE NOT LIKELY TO BE MET WITH BY THE STUDENT. IN THESE
THE SPORE SACS ARE BORNE DIRECTLY UPON THE FILAMENTS WITHOUT ANY PROTECTIVE COVERNG. THE ONLY FORM THAT IS AT ALL COMVON IS A PARASITIC FUNGUS
(Exoascus) that attacks peach-trees, causing the disease of the leaves known as “curl.”

ALL OF THE COMMON  Ascomycetes BELONG TO THE SEOOND DIVISION, AND HAVE THE SPORE SACS OONTAINED IN SPECIAL STRUCTURES CALLED SFORE FRUTTS,
that may reach a diameter of several centimetres in a few cases, though ordinarily much smaller.

AMONG THE SIMPLER MBVBERS OF THS GROUP ARE THE MLDEWS ( Perisporiaceae), MOSTLY PARASITIC FORVS, LVING UPON THE LEAVES AND STEMS OF
FLOWERNG PLANTS, SOVETIVES CAUSING SEROUS INJURY BY THER DEFREDATIONS. THEY FORM WHITE OR GRAYISH DOMNY FILMS ON THE SURFACE OF THE FLANT, IN
CERTAIN STAGES LOOKING LIKE HOAR-FROST. BEING VERY COMVON, THEY MAY BE READLY OBTAINED, AND ARE EASLY STUDIED. ONE OF THE BEST SPECIES FOR STUDY
(Podospheera) GROWS ABUNDANTLY ON THE LEAVES OF THE DANDELION, ESPECALLY WHEN THE FLANTS ARE GROWING UNDER UNFAVORABLE CONDITIONS. THE SAMVE
SPECES IS ALSO FOUND ON OTHER FLANTS OF THE SAME FAMLY. IT MAY BE FOUND AT ALMOST ANY TIVE DURNG THE SUMVER; BUT FOR STUDYING, THE SFORE FRUTS
MATERAL SHOULD BE OOLLECTED IN LATE SUMVER OR EARLY AUTUMN. [T AT FIRST AFPEARS AS WHTE, FROST-LIKE PATCHES, GROWING DINGIER AS T BECOVES OLDER, AND
careful scrutiny of the older specimens will show numerous brown or blackish specks scattered over the patches. These are the spore fruits.



.39.—A, spore-bearing filaments of the dandelion mildew (Podospheera), x 150. B, a germinating spore, x 150. C-F, development of the spore fruit, x 300. ar. archicarp. G, a ripe spore
fruit, x 150. H, the spore sac removed from the spore fruit, x 150. /, spore-bearing filament attacked by another fungus (Cicinnobulus), causing the enlargement of the basal cell, x 150. J,
a more advanced stage, x 300. K, spores, x 300.

For microscopical study, fresh material may be used, or, if necessary, dried specimens. The latter, before mounting, should be soaked for a short time in water, to which has been
added a few drops of caustic-potash solution. This will remove the britleness, and swell up the dried filaments to their original proportions. A portion of the plant should be carefully
scraped off the leaf on which it is growing, thoroughly washed in pure water, and transferred to a drop of water or very dilute glycerine, in which it should be carefully spread out with
needles. If air bubbles interfere with the examination, they may be driven off with alcohol, and then the cover glass put on. If the specimen is mounted in glycerine, it will keep indefinitely,
if care is taken to seal it up. The plant consists of much-interlaced filaments, divided at intervals by cross-walls.[6] They are nearly colorless, and the contents are not conspicuous.
These filaments send up vertical branches (Fig. 39, A), that become divided into a series of short cells by means of cross-walls. The cells thus formed are at first cylindrical, but later
bulge out at the sides, becoming broadly oval, and finally become detached as spores (conidia). It is these spores that give the frosty appearance to the early stages of the fungus when
seen with the naked eye. The spores fall off very easily when ripe, and germinate quickly in water, sending out two or more tubes that grow into filaments like those of the parent plant

(Fig. 39, B).

.40.—Chrysanthemum mildew (Erysiphe), showing the suckers (h) by which the filaments are attached to the leaf. A, urface view. B, vertical section of the leaf, x 300.

The spore fruits, as already observed, are formed toward the end of the season, and, in the species under consideration at least, appear to be the result of a sexual process. The
sexual organs (if they are really such) are exiremely simple, and, owing to their very small size, are not easily found. They arise as short branches at a point where two filaments cross;
one of them (Fig. 39, C, ar.), the female cell, or “archicarp,” is somewhat larger than the other and nearly oval in form, and soon becomes separated by a partition from the filament that
bears it. The other branch (antheridium) grows up in close contact with the archicarp, and like it is shut off by a partition from its filament. It is more slender than the archicarp, but
otherwise differs little from it. No actual communication can be shown to be present between the two cells, and it is therefore still doubtful whether fertilization really takes place. Shortly
after these organs are full-grown, several short branches grow up about them, and soon completely envelop them (D, E). These branches soon grow together, and cross-walls are
formed in them, so that the young spore fruit appears surrounded by a single layer of cells, sufficiently transparent, however, to allow a view of the interior.

The antheridium undergoes no further change, but the archicarp soon divides into two cells,—a small basal one and a larger upper cell. There next grow from the inner surface of
the cowvering cells, short filaments, that almost completely fill the space between the archicarp and the wall. An optical section of such a stage (Fig. 39, F) shows a double wall and the
two cells of the archicarp. The spore fruit now enlarges rapidly, and the outer cells become first yellow and then dark brown, the walls becoming thicker and harder as they change color.
Sometimes special filaments or appendages grow out from their outer surfaces, and these are also dark-colored. Shortly before the fruit is ripe, the upper cell of the archicarp, which has
increased many times in size, shows a division of its contents into eight parts, each of which develops a wall and becomes an oval spore. By crushing the ripe spore fruit, these spores
still enclosed in the mother cell (ascus) may be forced out (Fig. 39, H). These spores do not germinate at once, but remain dormant until the next year.



.41.—Forms of mildews (Erysiphe). A, Microspheera, a spore fruit, x 150. B, cluster of spore sacs of the same, x 150. C, a single appendage, x 300. D, end of an appendage of Uncinula,
x 300. E, appendage of Phyllactinia, x 150.

Frequently other structures, resembling somewhat the spore fruits, are found associated with them (Fig. 39, /, K), and were for a long time supposed to be a special form of

reproductive organ; but they are now known to belong to another fungus (Cicinnobulus), parasitic upon the mildew. They usually appear at the base of the chains of conidia, causing the

basal cell to enlarge to manytimes its original size, and finally kill the young conidia, which shrivel up. Acareful examination reveals the presence of veryfine filaments within those of the
mildew, which may be traced up to the base of the conidial branch, where the receptacle of the parasite is forming. The spores contained in these receptacles are very small (Fig. 39, K),

and when ripe exude in long, worm-shaped masses, if the receptacle is placed in water.

THE MLDEWS MAY BE DIVIDED INTO TWO GENERA! Podosphaera, WITH A SINGLE ASCUS IN THE SFORE FRUT; AND  Erysiphe, WITH TWO OR MORE. IN THE LATTER

the archicarp branches, each branch bearing a spore sac (Fig. 41, B).
THE APPENDAGES GROWING OUT FROM THE WALL OF THE SPORE FRUT ARE OFTEN VERY BEAUTIFUL IN FORV, AND THE TWO GENERA GIVEN ABOVE ARE OFTEN

subdivided according to the form of these appendages.
A COMMON MOULD CLOSELY ALLIED TO THE MLDEWS IS FOUND ON VARIOUS ARTICLES OF FOOD WHEN ALLOWED TO REVAIN DAMP, AND IS ALSO VERY COMMON ON

botanical specimens that have been poorly dried, and hence is often called “herbarium mould” (Eurotium herbariorum).

E
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Fig. 42.—A, spore bearing filament of the herbarium mould (Eurotium), x 150. B, C, another species showing the way in which the spores are borne—optical section—x 150. D, spore fruit
of the herbarium mould, x 150. E, spore sac. F, spores, x 300. G, spore-bearing filament of the common blue mould (Penicillium), x 300. sp. the spores.

The conidia are of a greenish color, and produced on the ends of upright branches which are enlarged at the end, and from which grow out litle prominences, which give rise to the

conidia in the same way as we have seen in the mildews (Fig. 42, A).
Spore fruits much like those of the mildews are formed later, and are visible to the naked eye as little yellow grains (Fig. 42, D). These contain numerous very small spore sacs (E),

each with eight spores.
THERE ARE NUVEROUS COMMON SPECES OF Eurotium, DFFERNG IN COLOR AND SIZE, SOVE BENG YELOW OR BLACK, AND LARGER THAN THE ORDINARY GREEN

form.
ANOTHER FORV, COMVION EVERYWHERE ON MOULDY FOOD OF ALL KINDS, AS WELL AS IN OTHER SITUATIONS, IS THE BLUE MOULD ( Penicillium). THS, IN GENERAL

appearance, resembles almost exactly the herbarium mould, but is immediately distinguishable by a microscopic examination (Fig. 42, G).

In studying all of these forms, they may be mounted, as directed for the black moulds, in dilute glycerine; but must be handled with great care, as the spores become shaken off with
the slightest jar.

OF THE LARGRRAScomycetes, THE CP FNG ( Discomycetes) MAY BE TAKEN AS TYFES. THE SPORE FRUT IN THESE FORVE IS OFTEN OF CONSIDERABLE SIZE,



AND, AS THER NANE INDICATES, IS OPEN, HAVING THE FORM OF A FLAT DISC OR CUP. A BREF DESCRIPTION OF A COMMON ONE WILL SUFFICE TO GIVE AN IDEA OF THER
structure and development.

Ascobolus (Eig. 43) IS A SVALL, DISC-SHAPED FUNGUS, GROWING ON HORSE DUNG, BY KEEPING SOVE OF THS COVERED WITH A BELL JAR FOR A WEEK OR TWO,
SO AS TO RETAIN THE MOISTURE, AT THE END OF THIS TIVE A LARGE OROP OF THE FUNGUS WILL PROBABLY HAVE MADE TS AFPEARANCE THE PART VISBLE IS THE SFORE
fruit (Fig. 43, A), of a light brownish color, and about as big as a pin-head.

lts development may be readily followed by teasing out in water the youngest specimens that can be found, taking care to take up a little of the substratum with it, as the earliest
stages are too small to be visible to the naked eye. The spore fruits arise from filaments not unlike those of the mildews, and are preceded by the formation of an archicarp composed of
several cells, and readily seen through the walls of the young fruit (Fig. 43, B). In the study of the early stages, a potash solution will be found useful in rendering them transparent.

The young fruit has much the same structure as that of the mildews, but the spore sacs are much more numerous, and there are special sterile filaments developed between them.
If the young spore fruitis treated with chlor-iodide of zinc, it is rendered quite transparent, and the young spore sacs colored a beautiful blue, so that they are readily distinguishable.

.43.—A, a small cup fungus (Ascobolus), x 5. B, young spore fruit, x 300. ar. archicarp. C, an older one, x 150. ar. archicarp. sp. young spore sacs. D, section through a full-grown spore
fruit (partly diagrammatic), x 25. sp. spore sacs. E, development of spore sacs and spores: i—iii, x 300; iv, x 150. F, ripe spores. G, a sterile filament (paraphysis), x 300. H, large scarlet
cup fungus (Peziza), natural size.

The development of the spore sacs may be traced by carefully crushing the young spore fruits in water. The young spore sacs (Fig. 43, E i) are colorless, with granular protoplasm, in
which a nucleus can often be easily seen. The nucleus subsequently divides repeatedly, until there are eight nuclei, about which the protoplasm collects to form as many oval masses,
each of which dewelops a wall and becomes a spore (Figs. ii-iv). These are imbedded in protoplasm, which is at first granular, but afterwards becomes almost transparent. As the
spores ripen, the wall acquires a beautiful violet-purple color, changing later to a dark purple-brown, and marked with irregular longitudinal ridges (Fig. 43, F). The full-grown spore sacs
(Fig. 43, E, W) are oblong in shape, and attached by a short stalk. The sterile filaments between them often become curiously enlarged at the end (G). As the spore fruit ripens, it opens at
the top, and spreads out so as to expose the spore sacs as theydischarge their contents (Fig. 43, D).

OF THE LARGER OUP FUNGI, THOSE BELONGNG TO THEGENUS ~ Peziza (Fig. 43, H) ARE COMVON, GROWING ON BITS OF ROTTEN WOOD ON THE GROUND IN WOODS.
THEY ARE SOVETIVES BRGHT SCARLET OR ORANGE-RED, AND VERY SHOWY. ANOTHER CURIOUS FORM IS THE MOREL. ( Morchella), cOMMON IN THE SFRNG IN DRY
woods. It is stalked like a mushroom, but the surface of the conical cap is honeycombed with shallow depressions, lined with the spore sacs.

OrDR Lichenes.

UNDER THE NAME OF LICHENS ARE COVPRSED A LARGE NUVBER OF FUNGI, DIFFERNG A GOOD DEAL IN STRUCTURE, BUT MOST OF THEM NOT UNLIKE THE OUP FUNG..
THEY ARE, WITH FEW EXCEPTIONS, PARASITIC UPON VAROUS FORVS OF ALG/, WITH WHCH THEY ARE SO INTIMATELY ASSOCIATED AS TO FORM AFPARENTLY A SINGLE
RLANT. THEY GROW EVERYWHERE ON EXPOSED ROCKS, ON THE GROUND, TRUNKS OF TREES, FENCES, ETC., AND ARE FOUND PRETTY MUCH THE WORLD OVER. AMONG THE
COMMONEST OF FLANTS ARE THE LICHENS OF THE GENUS Parmelia (Fig. 44, A), GROWNG EVERYWHERE ON TREE TRUNKS, WOODEN FENCES, ETC., FORVMING GRAY,
FLATTENED EXPANSIONS, WITH MUCH INDENTED AND CURLED MARGINS. VWHEN DRY, THE FLANT IS QUITE BRITTLE, BUT ON MOISTENING BECOMES FLEXIBLE, AND AT THE
SAME TIVE MORE OR LESS DECDEDLY GREEN IN COLOR THE LOWER SURFACE IS WHTE OR BROWN, AND OFTEN DEVELOPS ROOT-LIKE PROCESSES BY WHCH IT IS
FASTENED TO THE SUBSTRATUM. S OVETIVES SMALL FRAGVENTS OF THE PLANT BEOOVE DETACHED IN SUCH NUVBERS AS TO FORM A GRAYISH POWDER OVER CERTAN
portions of it. These, when supplied with sufficient moisture, will quickly produce new individuals.



Fig. 44.—A, a common lichen (Parmelia), of the natural size. ap. spore fruit. B, section through one of the spore fruits, x 5. C, section through the body of a gelatinous lichen (Collema),
showing the Nostoc individuals surrounded by the fungus filaments, x 300. D, a spermagonium of Collema, x 25. E, a single Nostoc thread. F, spore sacs and paraphyses of Usnea,
x 300. G, Protococcus cells and fungus filaments of Usnea.

NOT INFREQUENTLY THE SPORE FRUTS ARE TO BE MET WITH FLAT DISCS OF A REDDISH BROWN COLOR, TWO OR THREE MLLIVETRES IN DAMETER, AND CLOSELY
resembling a small cup fungus. They are at first almost closed, but expand as they mature (Fig. 44, A, ap.).

If a thin vertical section of the plant is made and sufficiently magnified, it is found to be made up of somewhat irregular, thick-walled, colorless filaments, divided by cross-walls as in
the other sac-fungi. In the central parts of the plant these are rather loose, but toward the outside become very closely interwoven and often grown together, so as to form a tough rind.
Among the filaments of the outer portion are numerous small green cells, that closer examination shows to be individuals of Profococcus, or some similar green algae, upon which the
lichen is parasitic. These are sufficiently abundant to form a green line just inside the rind if the section is examined with a simple lens (Fig. 44, B).

The spore fruits of the lichens resemble in all essential respects those of the cup fungi, and the spore sacs (Fig. 44, F) are much the same, usually, though not always, containing
eight spores, which are sometimes two-celled. The sterile filaments between the spore sacs usually have thickened ends, which are dark-colored, and give the color to the inner surface
of the spore fruit.

In Figure 45, H, is shown one of the so-called “Soredia,”[7] a group of the algae, upon which the lichen is parasitic, surrounded by some of the filaments, the whole separating
spontaneously from the plant and giving rise to a new one.

OWING TO THE TOUGHNESS OF THE FILAMENTS, THE FINER STRUCTURE OF THE LICHENS IS OFTEN DIFFICULT TO STUDY, AND FREE USE OF CAUSTIC POTASH IS NECESSARY TO
soften and make them manageable.



A
.45.—Forms of lichens. A, a branch with lichens growing upon it, one-half natural size. B, Usnea, natural size. ap. spore fruit. C, Sticta, one-half natural size. D, Peltigera, one-half natural
size. ap. spore fruit. E, a single spore fruit, x 2. F, Cladonia, natural size. G, a piece of bark from a beech, with a crustaceous lichen (Graphis) growing upon it, x 2. ap. spore fruit. H,
Soredium of a lichen, x 300.

/A COORDING TO THER FORV, LICHENS ARE SOVETIVES DIVIDED INTO THE BUSHY (FRUTICOSE), LEAFY (FRONDOSE), INCRUSTING (CRUSTACEOUS), AND GELATINOUS. OF
THE FIRST, THE LONG GRAY Usnea (Fig. 45, A, B), WHCH DRAPES THE BRANCHES OF TREES IN SWANPS, IS A FAMLIAR EXAMFLE, OF THE SEQOND, Parmelia, Sticta
(Eig. 45, C) and Peltigera (D) ARE TYFES; OF THETHRD, Graphis (G), COMMON ON THE TRUNKS OF BEECHTREES, TO WHOCH IT CLOSELY ADHERES; AND OF THE LAST,
Collema (Fig. 44, C, D, E), A DARK GREENSH, GELATINOUS FORM, GROMNG ON MOSSY TREE TRUNKS, AND LOOKING LIKE A OOLONY OF Nostoc, WHCH INDEED IT IS,
but differing from an ordinary colony in being penetrated everywhere by the filaments of the fungus growing upon it.

.46.—Branch of a plum-tree attacked by black knot. Natural size.

Not infrequently in this form, as well as in other lichens, special cavities, known as spermogonia (Fig. 44, D), are found, in which excessively small spores are produced, which have
been claimed to be male reproductive cells, but the latest investigations do not support this theory.

THE LAST GROWP OF THE ASscomycetes ARE THE “BLACK FUNG,”  Pyrenomycetes, REFRESENTED BY THE BLACK KNOT OF CHERRY AND FLUM TREES, SHOWN IN
Figure 46. THEY ARE MAINLY DISTINGUSHED FROM THE CUP FUNGI BY PRODUCING THER SPORE SACS IN OLOSED CAVITIES. S OVE ARE PARASITES; OTHERS LIVE ON
DEAD WOOD, LEAVES, ETC., FORMNG VERY HARD MASSES, GENERALLY BLACK IN COLOR, GVING THEM THER COMMON NAME. OWING TO THE HARDNESS OF THE
MASSES, THEY ARE VERY DIFFICLLT TO MANPULATE, AND, AS THE STRUCTURE IS NOT ESSENTIALLY DIFFERENT FROM THAT OF THE Discomycetes, THE DETALLS WILL NOT BE
entered into here.

OF THE PARASITIC FORVS, ONE OF THE BEST KNOWN IS THE “BRGOT” OF RYE, MORE OR LESS USED IN MEDIONE. O THER FORVS ARE KNOWN THAT ATTACK INSECTS,
particularly caterpillars, which are killed by their attacks.



CHAPTER X.

Fungi—Continued.
CLaAss Basidiomycetes.

THE Basidiomycetes INCLUDE THE LARGEST AND MOST HGHY DEVELOPED OF THE FUNG, AMONG WHOH ARE MANY FAMLIAR FORMS, SUCH AS THE
MUSHROOMS, TOADSTOOLS, PUFF-BALLS, ETC. BESIDES THESE LARGE AND FAMLIAR FORVS, THERE ARE OTHER SIMALER AND SMALLER ONES THAT, ACOORDING TO THE
LATEST INVESTIGATIONS, ARE PROBABLY RELATED TO THEM, THOUGH FORVERLY REGARDED AS OONSTITUTING A DISTINCT GROUP. THE MOST GENERALLY KNOWN OF THESE
LOWER Basidiomycetes ARE THE SO-CALLED RUSTS. THE LARGRR Basidiomycetes ARE FOR THE MOST PART SAPROPHYTES, LIVING IN DECAYING VEGETABLE MATTER,
but a few are true parasites upon trees and others of the flowering plants.

ALL OF THE GROUP ARE CHARACTERZED BY THE PRODUCTION OF SPORES AT THE TOP OF SPECIAL CHLLS KNOWN AS BASIDA, [8] THE NUMBER PRODUCED LFON A
single basidium varying from a single one to several.

OF THE LOAR Basidiomycetes, THe RUSTS (Uredineag) OFFER COMMON AND EASLY PROCURABLE FORMS FOR STUDY. THEY ARE EXCLUSIVELY PARASITIC IN THER
HABITS, GROWING WITHIN THE TISSUES OF THE HGHER LAND FLANTS, WHCH THEY OFTEN INJURE SEROUSLY. THEY RECEVE THER FOPULAR NAME FROM THE REDDISH OOLOR
OF THE MASSES OF SPORES THAT, WHEN RIPE, BURST THROUGH THE ERDERMS OF THE HOST ALANT. L IKE MANY OTHER FUNGI, THE RUSTS HAVE SEVERAL KINDS OF SFORES,
WHCH ARE OFTEN PRODUCED ON DIFFERENT HOSTS; THUS ONE KIND OF WHEAT RUST LIVES DURNG PART OF TS LIFE WITHN THE LEAVES OF THE BARBERRY, WHERE IT
PRODUCES SPORES QUITE DIFFERENT FROM THOSE UFON THE WHEAT; THE CEDAR RUST, IN THE SANE WAY, IS FOUND AT ONE TIVE ATTACKING THE LEAVES OF THE WILD
crab-apple and thorn.

.47 —A, a branch of red cedar attacked by a rust (Gymnosporangium), causing a so-called “cedar apple,” x 2. B, spores of the same, one beginning to germinate, x 300. C, a spore that
has germinated, each cell producing a short, divided filament (basidium), which in turn gives rise to secondary spores (sp.), x 300. D, part of the leaf of a hawthorn attacked by the cluster
cup stage of the same fungus, upper side showing spermogonia, natural size. E, cluster cups (Roestelia) of the same fungus, natural size. F, tip of a leaf of the Indian tumip (Ariseema),
bearing the cluster cup (4Ecidium) stage of a rust, x 2. G, vertical section through a young cluster cup. H, similar section through a mature one, x 50. /, germinating spores of H, % 300. J,
part of a corn leaf, with black rust, natural size. K; red rust spore of the wheat rust (Puccinia graminis), x 300. L, forms of black-rust spores: i, Uromyces; ii, Puccinia; iii, Phragmidium.

THE ARST FORMV MET WITH IN MOST RUSTS IS SOVETIVES CALLED THE “CLUSTER-CUP’ STAGE, AND IN MANY SPECIES IS THE ONLY STAGE KNOWN. IN Figure 47, F,

IS SHOWN A BIT OF THE LEAF OF THE INDAN TURNIP ( Arisaema) AFFECTED BY ONE OF THESE “CLUSTER-CLP’ FORMS. TO THE NAKED EYE, OR WHEN SLIGHTLY MAGNIFIED,
THE MASSES OF SPORES AFPEAR AS BRIGHT ORANGE SPOTS, MOSTLY UPON THE LOWER SURFACE. THE AFFECTED LEAVES ARE MORE OR LESS CHECKED IN THER GROWTH,
AND THE UPPER SURFACE SHOWS LIGHTER BLOTCHES, OORRESFONDING TO THE AREAS BELOW THAT BEAR THE CLUSTER CUPS. THESE AT FIRST AFFEAR AS LITTLE B EVATIONS
OF A YB.LOWISH COLOR, AND COVERED WITH THE ERDERMS; BUT AS THE SPORES RFEN THEY BREAK THROUGH THE BPDERMIS, WHCH IS TURNED BACK AROUND THE
opening, the whole forming a little cup filled with a bright orange red powder, composed of the loose masses of spores.

Putting a piece of the affected leaf between two pieces of pith so as to hold it firmly, with a little care thin vertical sections of the leaf, including one of the cups, may be made, and
mounted, either in water or glycerine, removing the air with alcohol. We find that the leaf is thickened at this point owing to a diseased growth of the cells of the leaf, induced by the action
of the fungus. The mass of spores (Fig. 47, G) is surrounded by a closely woven mass of filaments, forming a nearly globular cavity. Occupying the bottom of the cup are closely set,

upright filaments, each bearing a row of spores, arranged like those of the white rusts, but so closely crowded as to be flattened at the sides. The outer rows have thickened walls, and

are grown together so as to form the wall of the cup.
The spores are filled with granular protoplasm, in which are numerous drops of orange-yellow oil, to which is principally due their color. As the spores grow, they finally break the
overlying epidermis, and then become rounded as the pressure from the sides is relieved. They germinate within a few hours if placed in water, sending out a tube, into which pass the

contents of the spore (Fig. 47, /).

ONE OF THE MOST NOTICEABLE OF THE RUSTS IS THECEDARRUST ( Gymnosporangium), FORMNG THE GROWTHS KNOWN AS “CEDAR APRLES,” OFTEN MET WITH ON
THE RED CEDAR THESE ARE ROUNDED MASSES, SOMVETIVES AS LARGE AS A WALNUT, GROMNG UPON THE SMALL TWIGS OF THE CEDAR ( Fig.47, A). THS IS A
MORBID GROWTH OF THE SANVE NATURE AS THOSE PRODUCED BY THE WHITE RUSTS AND SMUTS. |F ONE OF THESE CEDAR AFPLES IS EXAMNED IN THE LATE AUTUMN OR
WINTER. IT WILL BE FOUND TO HAVE THE SURFACE DOTTED WITH LITTLE ELEVATIONS COVERED BY THE BPDERMIS, AND ON REVOVING THS WE FIND MASSES OF FORMING



spores. These rupture the EPDERMS EARLY IN THE SPRING, AND APPEAR THEN AS LITTLE SPKES OF A RUSTY RED OOLOR. |F THEY ARE KEPT WET FOR A FEW HOURS, THEY
ENLARGE RAPDLY BY THE ABSORPTION OF WATER, AND MAY REACH A LENGTH OF FOUR OR FIVE CENTIVETRES, BECOMNG GHATINOUS IN CONSISTENCE, AND SOVETIVES
ALMOST ENTIRELY HDING THE SURFACE OF THE “APRLE” IN THS STAGE THE FUNGUS IS EXTREVELY OONSPICUOUS, AND MAY FREQUENTLY BE MET WITH AFTER RAINY
weather in the spring.

This orange jelly, as shown by the microscope, is made up of elongated two-celled spores (teleuto spores), attached to long gelatinous stalks (Fig. 47, B). They are thick-walled, and
the contents resemble those of the cluster-cup spores described above.

To study the earlier stages of germination it is best to choose specimens in which the masses of spores have not been moistened. By thoroughly wetting these, and keeping moist,
the process of germination may be readily followed. Many usually begin to grow within twenty-four hours or less. Each cell of the spore sends out a tube (Fig. 47, C), through an opening
in the outer wall, and this tube rapidly elongates, the spore contents passing into it, until a short filament (basidium) is formed, which then divides into several short cells. Each cell

dewvelops next a short, pointed process, which swells up at the end, gradually taking up all the contents of the cell, until a large oval spore (sp.) is formed at the tip, containing all the
protoplasm of the cell.

E XPERMVENTS HAVE BEEN MADE SHOWING THAT THESE SPORES DO NOT GERMINATE UFON THE CEDAR, BUT UPON THE HAWTHORN OR CRAB-APFLE, WHERE THEY
PRODUCE THE QLUSTER-CUP STAGE OFTEN MET WITH LATE IN THE SUWER. THE AFFECTED LEAVES SHOW BRGHT ORANGEYHELLOW SPOTS ABOUT A CENTIVETRE IN
DAVETER ( Fig. 47, D), AND CONSIDERABLY THCKER THAN THE OTHER PARTS OF THE LEAF. ON THE URFER SIDE OF THESE SPOTS MAY BE SEEN LITTLE BLACK SPECKS,
WHCH MCROSCORC EXAMNATION SHOWS TO BE SPERMOGONA, RESEVBLING THOSE OF THE LICHENS. LATER, ON THE LOWER SURFACE, APPEAR THE CLUSTER CUPS,
whose walls are prolonged so that they form little tubular processes of considerable length (Fig. 47, E).
In most rusts the teleuto spores are produced late in the summer or autumn, and remain until the following spring before they germinate. They are very thick-walled, the walls being
dark-colored, so thatin mass they appear black, and constitute the “black-rust’ stage (Fig. 47, J). Associated with these, but formed earlier, and germinating immediately, are often to be

found large single-celled spores, borne on long stalks. They are usually oval in form, rather thin-walled, but the outer surface sometimes provided with little points. The contents are
reddish, so thatin mass they appear of the color of iron rust, and cause the “red rust’ of wheat and other plants, upon which they are growing.

THE QLASSIFICATION OF THE RUSTS IS BASED MAINLY UPON THE SIZE AND SHAPE OF THE TELEUTO SFORES WHERE THEY ARE KNOWN, AS THE CLUSTER-CUP AND RED-
RUST STAGES ARE PRETTY MUCH THE SAME IN ALL. OF THE COMMONER GENERA Melampsora, Ao Uromyces (Fig. 47, L 1), HAVE UNCELLULAR TELEUTO SFORES;
Puccinia (1) and Gymnosporangium, two-celled spores; Triphragmium, three-celled; and Phragmidium (u), four or more.

THE RUSTS ARE SO ABUNDANT THAT A LITTLE SEARCH CAN SCARCELY FAIL TO FIND SOVE OR ALL OF THE STAGES. THE CLUSTER-CUP STAGES ARE BEST EXAMNED FRESH,
or from alcoholic material; the teleuto spores may be dried without affecting them.

P ROBABLY THE BEST-KNOWN MBVBER OF THE GROUP IS THE WHEAT RUST ( Puccinia graminis), WHOH CAUSES SO MUCH DAMAGE TO WHEAT AND SOVETIVES
TO OTHER GRANS. THE RED-RUST STAGE MAY BE FOUND IN EARLY SUMMER, THE BLACK-RUST SFORES IN THE STUBBLE AND DEAD LEAVES IN THE AUTUMN OR SFRING,
forming black lines rupturing the epidermis.

P ROBABLY TO BE ASSOCATED WITH THE LOMR ~ Basidiomycetes ARE THE LARGE FUNGI OF WHCH  Tremella (Eig. 51, A) IS AN EXAVALE. THEY ARE JELLY-LIKE
FORMS, HORNY AND SOVEWHAT BRITTLE WHEN DRY, BUT BEOOMNG SOFT WHEN MOSTENED. THEY ARE COMMON, GROMNG ON DEAD TWIGS, LOGS, ETC., AND ARE
usually brown or orange-yellow in color.

OF TE HGHR Basidiomycetes, THE TOADSTOOLS, MUSHROOMS, ETC., ARE THE HGHEST, AND ANY COMVON FORM WILL SERVE FOR STUDY. ONE OF THE MOST
ACCESSBLE AND EASLY STUDED FORVS IS Coprinus, OF WHCH THERE ARE SEVERAL SPECIES GROWING ON THE EXCREVENT OF VARIOUS HERBVOROUS ANIVALS.
THEY NOT INFREQUENTLY AFFEAR ON  HORSE MANURE THAT HAS BEEN KEPT OOVERED WITH A GLASS FOR SOME TIVE, AS DESCRBED FOR Ascobolus. AFTER TWO OR
three weeks some of these fungi are very likely to make their appearance, and new ones continue to develop for a long time.

.48.—A, young. B, full-grown fruit of a toadstool (Coprinus), x 2. C, under side of the cap, showing the radiating “gills,” or spore-bearing plates. D, section across one of the young gills,
x 150. E, F, portions of gills from a nearlyripe fruit, x 300. sp. spores. x, sterile cell. In F, a basidium is shown, with the young spores just forming. G, H, young fruits, x 50.

THE FRST TRACE OF THE ALANT, VISIBLE TO THE NAKED EYE, IS A LITTLE DOWNY, WHITE SPECK, JUST LARGE ENOUGH TO BE SEEN. THS RAPDLY INCREASES IN SIZE,
BECOMING OBLONG IN SHAPE, AND GROWING FINALLY SOVBEWHAT DARKER IN COLOR, AND BY THE TIVE IT REACHES A HHGHT OF A FEW MLLIVETRES A SHORT STALK
BECONVES PERCEPTIBLE, AND PRESENTLY THE WHOLE ASSUVES THE FORM OF A CLOSED UVBRELLA. THE TOP IS COVERED WITH LITTLE PROMINENCES, THAT DIMNISH IN



NUVBER AND SIZE TOWARD THE BOTTOM. A FTER THE CAP REACHES ITS FULL SIZE, THE STALK BEGINS TO GROW, SLOALY AT FIRST, BUT FINALLY \WITH GREAT RAPDITY, REACHNG
A HEGHT OF SEVERAL OENTIVETRES WITHN A FEAV HOURS. AT THE SAME TIVE THAT THE STALK IS BLONGATING, THE CAP SPREADS OUT, RADIAL CLEFTS APFEARNG ON ITS
UPPER SURFACE, WHCH FLATTEN OUT VERY MUJCH AS THE FOLDS OF AN UVBRELLA ARE STRETCHED AS IT OPENS, AND THE SPACES BETWEEN THE OLEFTS APFEAR AS
RDGES, COMPARABLE TO THE RBS OF THE UVBRALLA ( Fig. 48, B). THE UNDER SIDE OF THE CAP HAS A NUVBER OF RIDGES RUNNING FROM THE CENTRE TO THE MARGIN,
AND OF A BLACK OOLOR, DUE TO THE INNUVERABLE SPORES COVERING THER SURFACE ( C). ALMOST AS SOON AS THE UVBRELLA OPENS, THE SFORES ARE SHED, AND THE
whole structure shrivels up and dissolves, leaving almost no trace behind.

Fig. 49.—Basidiomycetes. , common puff-ball (Lycoperdon). B, earth star (Geaster). A, x Ya. B, one-half natural size.

If we examine microscopically the youngest specimens procurable, freeing from air with alcohol, and mounting in water or dilute glycerine, we find it to be a little, nearly globular
mass of colorless filaments, with numerous cross-walls, the whole arising from similar looser filaments imbedded in the substratum (Fig. 48, G). If the specimen is not too young, a
denser central portion can be made out, and in still older ones (Fig. 48, H) this central mass has assumed the form of a short, thick stalk, crowned by a flat cap, the whole invested by a
loose mass of filaments that merge more or less gradually into the central portion. By the time the spore fruit (for this structure corresponds to the spore fruit of the Ascomycetes)
reaches a height of two or three millimetres, and is plainly visible to the naked eye, the cap grows downward at the margins, so as to almost entirely conceal the stalk. Alongitudinal
section of such a stage shows the stalk to be composed of a small-celled, close tissue becoming looser in the cap, on whose inner surface the spore-bearing ridges (“gills” or
Lamellae) have begun to develop. Some of these run completely to the edge of the cap, others only part way. To study their structure, make cross-sections of the cap of a nearly full-
grown, but unopened, specimen, and this will give numerous sections of the young gills. We find them to be flat plates, composed within of loosely interwoven filaments, whose ends
stand out at right angles to the surface of the gills, forming a layer of closely-set upright cells (basidia) (Fig. 48, D). These are at first all alike, but later some of them become club-
shaped, and dewelop at the end several (usually four) little points, at the end of which spores are formed in exactly the same way as we saw in the germinating teleuto spores of the cedar
rust, all the protoplasm of the basidium passing into the growing spores (Fig. 48, E, F). The ripe spores (E, sp.) are oval, and possess a firm, dark outer wall. Occasionally some of the
basidia develop into very large sterile cells (E, x), projecting far beyond the others, and often reaching the neighboring gill.

SIMLAR IN STRUCTURE AND DEVELORVENT TO  COpIinuUS ARE ALL THE LARGE AND COMMON FORMS; BUT THEY DIFFER MUCH IN THE FOSITION OF THE SPORE-BEARNG
TISSUE, AS WELL AS IN THE FORM AND SIZE OF THE WHOLE SFORE FRUIT. THEY ARE SOMETIVES DIVIDED, ACOORDING TO THE POSITION OF THE SPORES, INTO THREE
orders: the closed-fruited (Angiocarpous) forms, the half-closed (Hemi-angiocarpous), and the open or naked-fruited forms (Gymnocarpous).

OF THE FIRST, THE PUFF-BALLS Fig. 49) ARE COMMON EXAMPLES. ONE SPECES, THE GIANT PUFF-BALL ( Lycoperdon giganteum), OFTEN REACHES A DANVETER
of thirty to forty centimetres. The earth stars (Geaster) HAVE A DOUBLE OOVERNG TO THE SPFORE FRUT, THE OUTER ONE SFLITTING AT MATURITY INTO STRIPS ( Fig. 49,
B). ANOTHER PRETTY AND COMMON FORM IS THE LITTLE BIRDS -NEST FUNGUS ( Cyathus), GROMNG ON ROTTEN WOOD OR SOIL CONTAINNG MUCH DECAYING VEGETABLE

matter (Fig. 50).

IN THE SEOOND ORDER THE SPORES ARE AT FIRST PROTECTED, AS WE HAVE SEEN IN Coprinus, WHCH BELONGS TO THS ORDER, BUT FINALLY  BECOVE EXPOSED.
HERE BELONG THE TOADSTOOLS AND MUSHROOMS ( Fig. 51, B), THE LARGE SHELF-SHARED FUNGI ( Polyporus), SO COVMON ON TREE TRUNKS AND ROTTEN LOGS

(Fig. 51, C, D, E), and the prickly fungus (Hydnum) (Fig. 51, G).



.51.—Forms of Basidiomycetes. A, Tremella, one-half natural size. B, Agaricus, natural size. C, E, Polyporus: C, x V5 E, % a. D, part of the under surface of D, natural size. F, Clavaria, a
small piece, natural size. G, Hydnum, a piece of the natural size.

OF THE LAST, OR NAKED-FRUTED FORVS, THE COMMONEST BELONG TO THE GENUS Clavaria (Fig. 51, F), SMOOTHBRANCHNG FORVS, USUALLY OF A BROWNSH
color, bearing the spores directly upon the surface of the branches.




CHAPTER XI.
SUB-KINGDOM IV.
Bryophyta.

THE BRYOPHYTES, OR MOSSES, ARE FOR THE MOST PART LAND ALANTS, THOUGH A FEW ARE AQUATIC, AND WITH VERY FEW EXCEPTIONS ARE RCHLY SUPFLIED WITH
CHLOROPHYLL. THEY ARE FOR THE MOST PART SMALL ALANTS, FEA OF THEM BENG OVER A FEW CENTIVETRES IN HEGHT; BUT, NEVERTHELESS, COVPARED WITH THE PLANTS
THAT WE HAVE HERETOFORE STUDIED, QUITE COMALEX IN THER STRUCTURE. THE LOWEST MEVBERS OF THE GROUP ARE FLATTENED, CREEPING FLANTS, OR A FEW OF THEM
FLOATING AQUATICS, WITHOUT DISTINCT STEM AND LEAVES; BUT THE HGHER ONES HAVE A PRETTY WELL-DEVELOPED OENTRAL AXIS OR STEM, WITH SIMALE LEAVES
attached.

There are two classes—I. Liverworts (Hepaticae), and Il. Mosses (Musci).

Class |.—The Liverworts.

ONE OF THE COMVONEST OF THS CLASS, AND TO BE HAD AT ANY TIVE, IS NAMED Madotheca. IT IS ONE OF THE HGHEST OF THE CLASS, HAVING DISTINCT STEM
AND LEAVES. IT GROWS MOST COMVONLY ON THE SHADY SIDE OF TREE TRUNKS, BENG MOST LUXURANT NEAR THE GROUND, WHERE THE SUFFLY OF MOISTURE IS MOST
OONSTANT. IT ALSO OOCURS ON STONES AND ROCKS IN MOIST FLACES. IT CLOSELY RESEVBLES A TRUE MOSS IN GENERAL APPEARANCE, AND FROM THE SCALE-LIKE
arrangement of its leaves is sometimes called “scale moss.”

THE LEAVES ( Fig. 52, A, B) ARE ROUNDED IN OUTLINE UNEQUALLY, TWO-LOBED, AND ARRANGED IN TWO ROWS ON THE UPPER SIDE OF THE STEM, SO CLOSELY
OVERLAFPNG AS TO CONCEAL IT ENTIRELY. ON THE UNDER SIDE ARE SIMLAR BUT SMALLER LEAVES, LESS REGULARLY DISPOSED. THE STEMS BRANCH AT INTERVALS, THE
BRANCHES SPREADING OUT LATERALLY SO THAT THE WHOLE PLANT IS DEODEDLY FLATTENED. ON THE UNDER SIDE ARE FINE, WHTISH HAIRS, THAT FASTEN T TO THE
SUBSTRATUM. |F WE EXAMNE A NUVBER OF SPECIVENS, ESPECIALLY EARLY IN THE SPRING, A DIFFERENCE WILL BE OBSERVED IN THE FLANTS. S OVE OF THEM WILL BE
FOUND TO BEAR PECULIAR STRUCTURES ( Fig. 52, C, D), IN WHCH THE SPORES ARE PRODUCED. THESE ARE CALLED “SPOROGONA.” THEY ARE AT FRST GLOBULAR, BUT
WHEN RIPE OFEN BY MEANS OF FOUR VALVES, AND DISCHARGE A GREENISH BROWN MASS OF SPORES. AN EXAMNATION OF THE YOUNGER PARTS OF THE SAVE PLANTS
will probably show small buds (Fig. 54, H), which contain the female reproductive organs, from which the sporogonia arise.

.52 —A, part of a plant of a leafy liverwort (Madotheca), x 2. B, part of the same, seen from below, x 4. C, a branch with two open sporogonia (sp.), x 4. D, a single sporogonium, x 8.

ON OTHER ALANTS MAY BE FOUND NUVEROUS SHORT SIDE BRANCHES ( Fig. 53, B), WITH VERY CLOSELY SET LEAVES. IF THESE ARE CAREFULLY SEPARATED, THE
ANTHERDA CAN JUST BE SEEN AS MNUTE WHTISH GLOBULES, BARELY VISBLE TO THE NAKED EYE PLANTS THAT, LIKE THS ONE HAVE THE MALE AND FEMALE

reproductive organs on distinct plants, are said to be “dicecious.”

Amicroscopical examination of the stem and leaves shows their structure to be very simple. The former is cylindrical, and composed of nearly uniform elongated cells, with straight

cross-walls. The leaves consist of a single layer of small, roundish cells, which, like those of the stem, contain numerous rounded chloroplasts, to which is due their dark green color.
The tissues are developed from a single apical cell, but it is difficult to obtain good sections through it.

The antheridia are borne singly at the bases of the leaves on the special branches already described (Fig. 53, A, an.). By carefully dissecting with needles such a branch in a drop of
water, some of the antheridia will usually be detached uninjured, and may be readily studied, the full-grown ones being just large enough to be seen with the naked eye. They are
globular bodies, attached by a stalk composed of two rows of cells. The globular portion consists of a wall of chlorophyil-bearing cells, composed of two layers below, but single above
(Fig. 53, C). Within is a mass of excessively small cells, each of which contains a spermatozoid. In the young antheridium (A, an.) the wall is single throughout, and the central cells few

in number. To study them in their natural position, thin longitudinal sections of the antheridial branch should be made.



.53.—A, end of a branch from a male plant of Madotheca. The small side branchlets bear the antheridia, x 2. B, two young antheridia (an.), the upper one seen in optical section, the lower
one from without, x 150. C, a ripe antheridium, optical section, x 50. D, sperm cells with young spermatozoids. E, ripe spermatozoids, x 600.

When ripe, if brought into water, the antheridium bursts at the top into a number of irregular lobes that curl back and allow the mass of sperm cells to escape. The spermatozoids,
which are derived principally from the nucleus of the sperm cells (53, D) are so small as to make a satisfactory examination possible only with very powerful lenses. The ripe
spermatozoid is coiled in a flat spiral (53, E), and has two excessively delicate cilia, visible only under the most favorable circumstances.

The female organ in the bryophytes is called an “archegonium,” and differs considerably from anything we have yet studied, but recalls somewhat the structure of the odgonium of
Chara. They are found in groups, contained in little bud-like branches (54, H). In order to study them, a plant should be chosen that has numbers of such buds, and the smallest that can
be found should be used. Those containing the young archegonia are very small; but after one has been fertilized, the leaves enclosing it grow much larger, and the bud becomes quite
conspicuous, being surrounded by two or three comparatively large leaves. By dissecting the young buds, archegonia in all stages of growth may be found.

.54 —A-D, development of the archegonium of Madotheca. B, surface view, the others in optical section. o, egg cell, x 150. E, base of a fertilized archegonium, containing a young embryo
(em.), x 150. F, margin of one of the leaves surrounding the archegonia. G, young sporogonium still surrounded by the much enlarged base of the archegonium. h, neck of the
archegonium. ar. abortive archegonia, x 12. H, short branch containing the young sporogonium, x 4.

When very young the archegonium is composed of an axial row of three cells, surrounded by a single outer layer of cells, the upper ones forming five or six regular rows, which are
somewhat twisted (Fig. 54, A, B). As it becomes older, the lower part enlarges slightly, the whole looking something like a long-necked flask ( C, D). The centre of the neck is occupied by
a single row of cells (canal cells), with more granular contents than the outer cells, the lowest cell of the row being somewnhat larger than the others (Fig. 54, C, 0). When nearly ripe, the
division walls of the canal cells are absorbed, and the protoplasm of the lowest cell contracts and forms a globular naked cell, the egg cell (D, o). If a ripe archegonium is placed in water,
it soon opens at the top, and the contents of the canal cells are forced out, leaving a clear channel down to the egg cell. If the latter is not fertilized, the inner walls of the neck cells turn
brown, and the egg cell dies; but if a spermatozoid penetrates to the egg cell, the latter develops a wall and begins to grow, forming the embryo or young sporogonium.

Fig. 55— ongitudinal section of a nearly full-grown sporogonium of Madotheca, which has not, however, broken through the overlying cells, x 25. sp. cavity in which the spores are formed.



ar. abortive archegonium.

The first division wall to be formed in the embryo is transverse, and is followed by vertical ones (Fig. 54, E, em.). As the embryo enlarges, the walls of the basal part of the
archegonium grow rapidly, so that the embryo remains enclosed in the archegonium until it is nearly full-grown (Fig. 55). As it increases in size, it becomes differentiated into three parts:
a wedge-shaped base or “foot” penetrating downward into the upper part of the plant, and sening to supply the embryo with nourishment; second, a stalk supporting the third part, the
capsule or spore-bearing portion of the fruit. The capsule is further differentiated into a wall, which later becomes dark colored, and a central cavity, in which are developed special cells,
some of which by further division into four parts produce the spores, while the others, elongating enormously, give rise to special cells, called elaters (Fig. 56, B).

.56.—Spore (A) and two elaters (B) of Madotheca, x 300.

The ripe spores are nearly globular, contain chlorophyil and drops of oil, and the outer wall is brown and covered with fine points (Fig. 56, A). The elaters are long-pointed cells,
having on the inner surface of the wall a single or double dark brown spiral band. These bands are susceptible to changes in moisture, and by their movements probably assist in
scattering the spores after the sporogonium opens.

Just before the spores are ripe, the stalk of the sporogonium elongates rapidly, carrying up the capsule, which breaks through the archegonium
wall, and finally splits into four valves, and discharges the spores.

THERE ARE FOUR ORDERS OF THE LIVERWORTS REPRESENTED IN THE UNITED S TATES, THREE OF WHICH DIFFER FROM THE ONE WE HAVE STUDIED IN BENG FLATTENED
plants, without distinct stems and leaves,—at least, the leaves when present are reduced to little scales upon the lower surface.

THE FIRST ORDRR ( Ricciaceae) ARE SMALL AQUATIC FORMS, OR GROW ON DAMP GROUND OR ROTTEN LOGS. THEY ARE NOT OOMMON FORMS, AND NOT LIKELY TO BE
encountered by the student. One of the floating species is shown in figure 57, A.

THE SEOOND ORDER, THE HORNED LVERAWORTS ( Anthocerotese), ARE SOVETIVES TO BE MET WITH IN LATE SUMVER AND AUTUWN, FORVS GROWING MOSTLY ON
damp ground, and at once recognizable by their long-pointed sporogonia, which open when ripe by two valves, like a bean pod (Fig. 57, B).

THE THRD ORDER ( Marchantiaceae) INCLUDES THE MOST CONSPICUOUS MEVBERS OF THE WHOLE CLASS. SOME OF THEM, LIKE THE COMMON LIVERWORT
(Marchantia), sHomN N Figure 57, F, K, AND THE GIANT LVERWORT ( Fig. 57, D), ARE LARGE AND COMVON FORVS, GROWING ON THE GROUND IN SHADY FLACES,
THE FORVER BENG OFTEN FOUND ALSO IN GREENHOUSES. THEY ARE FASTENED TO THE GROUND BY NUVEROUS FINE, SLKY HAIRS, AND THE TISSUES ARE WHELL
DIFFERENTIATED, THE UPPER SURFACE OF THE FLANT HAVING A WELL-MARKED EPDERVIS, WITH PECULIAR BREATHING PORES, LARGE ENOUGH TO BE SEEN \MTH THE NAKED
eye (Fig. 57, E, J, K) Each of these is situated in the centre of a little area (Fig. 57, E), and beneath it is a large air space, into which the chlorophyll-
bearing cells (cl.) of the plant project (J).

THE SEXUAL ORGANS ARE OFTEN PRODUCED IN THESE FORMS UPON SPECIAL BRANGHES ( G), OR THE ANTHERDIA MAY BE SUNK IN DISCS ON THE UPFER SIDE OF
the stem (D, an.).



.57 —Forms of liverworts. A, Riccia, natural size. B, Anthoceros (horned liverwort), natural size. sp. sporogonia. C, Lunularia, natural size, x, buds. D, giant liverwort (Conocephalus),
natural size. an. antheridial disc. E, small piece of the epidermis, showing the breathing pores, x 2. F, common liverwort (Marchantia), x 2. x, cups containing buds. G, archegonial branch
of common liverwort, natural size. H, two young buds from the common liverwort, x 150. /, a full-grown bud, x 25. J, vertical section through the body of Marchantia, cutting through a
breathing pore (s), x 50. K; surface view of a breathing pore, x 150. L, a leafy liverwort (Jungermannia). sp. sporogonium, x 2.

Some forms, like Marchantia and Lunularia (Eig. 57, C), produce little cups (X), GROULAR IN THE FIRST, SEMORCULAR IN THE SECOND, IN WWHCH SPECIAL
buds (H, /) are formed that fall off and produce new plants.

THE HGHEST OF THE LVERWORTS ( Jungermanniacese) ARE, FORTHE MOST PART, LEAFY FORVS LKE Madotheca, AND REFRESENTED BY A GREAT MANY
COMMON FORMS, GROWING USUALLY ON TREE TRUNKS, ETC. THEY ARE MUCH LKE Madotheca N GENERAL AFFEARANCE, BUT USUALLY VERY SMALL AND
INOONSPICUOUS, SO AS TO BE EASLLY OVERLOOKED, ESPECIALLY AS THER COLOR IS APT TO BE BROWNISH, AND NOT UNLIKE THAT OF THE BARK ON WHCH THEY GROW

(Fig. 57, L).
Class Il.—The True Mosses.

THE TRUE MOSSES ( Musci) RESBVBLE IN MANY RESPECTS THE HGHER LIVERWORTS, SUCH AS Madotheca orJungermannia, ALL OF THEM HAVING WELL-
marked stems and leaves. The spore fruit is more highly developed than in the liverworts, but never contains elaters.

A GOOD IDEA OF THE GENERAL STRUCTURE OF THE HGHER MOSSES MAY BE HAD FROM A STUDY OF ALMOST ANY COMVON SPECES. ONE OF THE MOST
CONVENENT, AS WELL AS COMVON, FORVS (- Funaria) 1S TO BE HAD ALMOST THE YEAR ROUND, AND FRUITS AT ALMOST ALL SEASONS, EXCEPT MDAVINTER. T GROWS IN
OLOSE PATCHES ON THE GROUND IN FIELDS, AT THE BASES OF WALLS, SOMETIVES IN THE OREVICES BETWEEN THE BROKS OF SIDEWALKS, ETC. IF FRUTING, IT MAY BE
RECOGNZED BY THE NODDING CAPSULE ON A LONG STALK, THAT IS OFTEN MORE OR LESS TWISTED, BEING SENSITIVE TO CHANGES IN THE MOISTURE OF THE ATMOSPHERE.

THE AANT (Fig. 58, A, B) HAS A SHORT STEM, THOKLY SET WITH RELATIVELY LARGE LEAVES. THESE ARE OBLONG AND FOINTED, AND THE CENTRE IS TRAVERSED BY A
delicate midrib. The base of the stem is attached to the ground by numerous fine brown hairs.

THE MATURE CAPSULE IS BROADLY OVAL N FORM ( Fig. 58, C), AND FROVIDED WITH A LID THAT FALLS OFF WHEN THE SPORES ARE RPE. WHLE THE CAPSULE IS
YOUNG [T IS COVERED BY A POINTED MBVBRANOUS CAP ( B, cal.) THAT FNALLY FALLS OFF. WHEN THE LID IS REMOVED, A FINE FRINGE IS SEEN SURROUNDING THE
opening of the capsule, and serving the same purpose as the elaters of the liverworts (Fig. 58, E).
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.58.—A, fruiting plant of a moss (Funaria), with young sporogonium (sp.), * 4. B, plant with ripe sporogonium. cal. calyptra, x 2. C, sporogonium with calyptra remowved. op. lid, x 4. D,

spores: i, ungerminated; ii—iv, germinating, x 300. E, two teeth from the margin of the capsule, x 50. F, epidermal cells and breathing pore from the surface of the sporogonium, x 150. G,
longitudinal section of a young sporogonium, x 12. sp. spore mother cells. H, a small portion of G, magnified about 300 times. sp. spore mother cells.

IF THE LOVER PART OF THE STEM IS CAREFULLY EXAMNED WITH A LENS, WE MAY DETECT A NUVBER OF FINE GREEN FILAVENTS GROWING FROM [T, LOOKING LIKE THE
ROOT HAIRS, EXCEPT FOR THER OOLOR S OMETIVES THE GROUND ABOUT YOUNG PATCHES OF THE MOSS IS QUITE COVERED BY A FINE FILM OF SUCH THREADS, AND
looking carefully over it probably very small moss plants may be seen growing up here and there from it.

.59.—L ongitudinal section through the summit of a small male plant of Funaria. a, a', antheridia. p, paraphysis. L, section of a leaf, x 150.

THS MOSS IS DICECIOUS. THE MALE FLANTS ARE SMALLER THAN THE FEVALE, AND MAY BE RECOGNIZED BY THE BRGHT RED ANTHERDIA WHCH ARE FORVED AT
the end of the stem in considerable numbers, and surrounded by a circle of leaves so that the whole LOOKS SOVMETHNG LIKE A FLOWVER. (THS IS STILL MORE
evident in some other mosses. See Figure 65, E, F.)

The leaves when magnified are seen to be composed of a single layer of cells, except the midrib, which is made up of several thicknesses of elongated cells. Where the leaf is one
cell thick, the cells are oblong in form, becoming narrower as they approach the midrib and the margin. They contain numerous chloroplasts imbedded in the layer of protoplasm that
lines the wall. The nucleus (Fig. 63, C, n) may usually be seen without difficulty, especially if the leaf is treated with iodine. This plant is one of the best for studying the division of the
chloroplasts, which may usually be found in all stages of division (Fig. 63, D). In the chloroplasts, especially if the plant has been exposed to light for several hours, will be found
numerous small granules, that assume a bluish tint on the application of iodine, showing them to be starch grains. If the plant is kept in the dark for a day or two, these will be absent,
having been used up; but if exposed to the light again, new ones will be formed, showing that they are formed only under the action of light.



Fig. 60.—A, B, young antheridia of Funaria, optical section, x 150. C, two sperm cells of Atrichum. D, spermatozoids of Sphagnum, % 600.

Starch is composed of carbon, hydrogen, and oxygen, and so far as is known is only produced by chlorophyil-bearing cells, under the influence of light. The carbon used in the
manufacture of starch is taken from the atmosphere in the form of carbonic acid, so that green plants serve to purify the atmosphere by the removal of this substance, which is
deleterious to animal life, while at the same time the carbon, an essential part of all living matter, is combined in such form as to make it available for the food of other organisms.

The marginal cells of the leaf are narrow, and some of them prolonged into teeth.

A cross-section of the stem (63, E) shows on the outside a single row of epidermal cells, then larger chlorophyll-bearing cells, and in the centre a group of very delicate, small,
colorless cells, which in longitudinal section are seen to be elongated, and similar to those forming the midrib of the leaf. These cells probably serve for conducting fluids, much as the
similar but more perfectly developed bundles of cells (fibro-vascular bundles) found in the stems and leaves of the higher plants.

The root hairs, fastening the plant to the ground, are rows of cells with brown walls and oblique partitions. They often merge insensibly into the green filaments (protonema) already
noticed. These latter have usually colorless walls, and more numerous chloroplasts, looking very much like a delicate specimen of Cladophora or some similar alga. If a sufficient
number of these filaments is examined, some of them will probably show young moss plants growing from them (Fig. 63, A, k), and with a little patience the leafy plant can be traced
back to a little bud originating as a branch of the filament. Its diameter is at first scarcely greater than that of the filament, but a series of walls, close together, are formed, so placed as to
cut off a pyramidal cell at the top, forming the apical cell of the young moss plant. This apical cell has the form of a three-sided pyramid with the base upward. From it are developed three
series of cells, cut off in succession from the three sides, and from these cells are derived all the tissues of the plant which soon becomes of sufficient size to be easily recognizable.

The protonemal filaments may be made to grow from almost any part of the plant by keeping it moist, but grow most abundantly from the base of the stem.

The sexual organs are much like those of the liverworts and are borne at the apex of the stems.

The antheridia (Figs. 59, 60) are club-shaped bodies with a short stalk. The upper part consists of a single layer of large chlorophyil-bearing cells, enclosing a mass of very small,
nearly cubical, colorless, sperm cells each of which contains an excessively small spermatozoid.

The young antheridium has an apical cell giving rise to two series of segments (Fig. 60, A), which in the earlier stages are very plainly marked.

When ripe the chlorophyll in the outer cells changes color, becoming red, and if a few such antheridia from a plant that has been kept rather dry for a day or two, are teased outin a
drop of water, they will quickly open at the apex, the whole mass of sperm cells being discharged at once.

Among the antheridia are borne peculiar hairs (Fig. 59, p) tipped by a large globular cell.

.61.—A, B, young; C, nearlyripe archegonium of Funaria, optical section, x 150. D, upper part of the neck of C, seen from without, showing how it is twisted. E, base of a ripe archegonium.
F, open apexof the same, x 150. o, egg cell. b, ventral canal cell.

Owing to their small size the spermatozoids are difficult to see satisfactorily and other mosses (e.g. peat mosses, Figure 64, the hairy cap moss, Figure 65, /), are preferable where
obtainable. The spermatozoids of a peat moss are shown in Figure 60, D. Like all of the bryophytes they have but two cilia.

The archegonia (Fig. 61) should be looked for in the younger plants in the neighborhood of those that bear capsules. Like the antheridia they occur in groups. They closely resemble
those of the liverworts, but the neck is longer and twisted and the base more massive. Usually but a single one of the group is fertilized.
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.62.—A, young embryo of Funaria, still enclosed within the base of the archegonium, x 300. B, an older embryo freed from the archegonium, x 150. a, the apical cell.

To study the first division of the embryo, it is usually necessary to render the archegonium transparent, which may be done by using a litfle caustic potash; or letting it lie for a few
hours in dilute glycerine will sometimes suffice. If potash is used it must be thoroughly washed away, by drawing pure water under the cover glass with a bit of blotting paper, until every
trace of the potash is remowved. The first wall in the embryo is nearly at right angles to the axis of the archegonium and divides the egg cell into nearly equal parts. This is followed by
nearly vertical walls in each cell (Fig. 62, A). Vlery soon a two-sided apical cell (Fig. 62, B, a) is formed in the upper half of the embryo, which persists until the embryo has reached a
considerable size. As in the liverworts the young embryo is completely covered by the growing archegonium wall.

The embryo may be readily removed from the archegonium by adding a little potash to the water in which it is lying, allowing it to remain for a few moments and pressing gently upon
the cover glass with a needle. In this way it can be easily forced out of the archegonium, and then by thoroughly washing away the potash, neutralizing if necessary with a little acetic acid,
very beautiful preparations may be made. If desired, these may be mounted permanently in glycerine which, however, must be added very gradually to avoid shrinking the cells.

.63.—A, protonema of Funaria, with a bud (k), x 50. B, outline of a leaf, showing also the thickened midrib, x 12. C, cells of the leaf, x 300. n, nucleus. D, chlorophyll granules undergoing
division, x 300. E, cross-section of the stem, x 50.

For some time the embryo has a nearly cylindrical form, but as it approaches maturity the differentiation into stalk and capsule becomes apparent. The latter increases rapidly in
diameter, assuming gradually the oval shape of the full-grown capsule. A longitudinal section of the nearly ripe capsule (Fig. 58, G) shows two distinct portions; an outer wall of two
layers of cells, and an inner mass of cells in some of which the spores are produced. This inner mass of cells is continuous with the upper part of the capsule, but connected with the
side walls and bottom by means of slender, branching filaments of chlorophyll-bearing cells.

The spores arise from a single layer of cells near the outside of the inner mass of cells (G, sp.). These cells (H, sp.) are filled with glistening, granular protoplasm; have a large and
distinct nucleus, and no chlorophyll. They finally become entirely separated and each one gives rise to four spores which closely resemble those of the liverworts but are smaller.

Near the base of the capsule, on the outside, are formed breathing pores (Fig. 58, F) quite similar to those of the higher plants.

If the spores are kept in water for a few days they will germinate, bursting the outer brown coat, and the contents protruding through the opening surrounded by the colorless inner
spore membrane. The protuberance grows rapidly in length and soon becomes separated from the body of the spore by a wall, and lengthening, more and more, gives rise to a green
filament like those we found attached to the base of the full-grown plant, and like those giving rise to buds that develop into leafy plants.

Classification of the Mosses.

THE MOSSES MAY BE DIVIDED INTO FOUR ORDERS: |. THE PEAT MOSSES ( Sphagnaceee); |l. Andreseaceae; |Il.Phascaceae; IV. THE COMMON MOSSES
(Bryaceee).



.64 —A, a peat moss (Sphagnum), x V2. B, a sporogonium of the same, x 3. C, a portion of a leaf, x 150. The narrow, chlorophyil-bearing cells form meshes, enclosing the large,
colorless empty cells, whose walls are marked with thickened bars, and contain round openings (0).

The peat mosses (Fig. 64) ARE LARGE PALE-GREEN MOSSES, GROWING OFTEN IN ENORMOUS MASSES, FORMING THE FOUNDATION OF PEAT-BOGS. THEY ARE OF
A PEOULIAR SPONGY TEXTURE, VERY LIGHT WHEN DRY, AND CAPABLE OF ABSORBING A GREAT AMOUNT OF WATER THEY BRANCH ( Fig. 64, A), THE BRANCHES BENG
closely crowded at the top, where the stems continue to grow, dying away below.

& 2

.65.—Forms of mosses. A, plant of Phascum, x 3. B, fruiting plant of Atrichum, x 2. C, young capsule of hairy-cap moss (Polytrichum), covered by the large, hairy calyptra. D, capsules of
Bartramia: i, with; i, without the calyptra. E, upper part of a male plant of Africhum, showing the flower, x 2. F, a male plant of Mhium, x 4. G, pine-tree moss (Clemacium), x 1. H, Hypnum,
x 1.1, ripe capsules of hairy-cap moss: i, with; ii, without calyptra.

THE SEXUAL ORGANS ARE RARELY MET WITH, BUT SHOULD BE LOOKED FOR LATE IN AUTUWN OR EARLY SPRNG. THE ANTHERDIAL BRANCHES ARE OFTEN BRGHT-
OOLORED, RED OR YELLOW, SO AS TO BE VERY CONSPICUOUS. THE CAPSULES, WHCH ARE NOT OFTEN FOUND, ARE LARGER THAN IN MOST OF THE COMMON MOSSES, AND
QUTE DESTITUTE OF A STALK, THE APPARENT STALK BENG A PROLONGATION OF THE AXIS OF THE ALANT IN THE TOP OF WHCH THE BASE OF THE SPOROGONIUM IS
imbedded. The capsule is nearly globular, opening by a lid at the top (Fig. 64, B).
A microscopical examination of the leaves, which are quite destitute of a midrib, shows them to be composed of a network of narrow chlorophyll-bearing cells surrounding much

larger empty ones whose walls are marked with transverse thickenings, and perforated here and there with large, round holes (Fig. 64, C). It is to the presence of these empty cells that
the plant owes its peculiar spongy texture, the growing plants being fairly saturated with water.

The Andreseaceae are very small, and not at all common. The capsule splits into four valves, something like a liverwort.

THE Phascaceae ARE SMALL MOSSES GROWING ON THE GROUND OR LOW DOMN ON THE TRUNKS OF TREES, ETC. THEY DIFFER PRINCIPALLY FROM THE COMMON
mosses in having the capsule open irregularly and not by a lid. The commonest forms belong to the genus Phascum (Eig. 65, A).

THE VAST MAJORITY OF THE MOSSES THE STUDENT IS LIKELY TO MEET WITH BELONG TO THE LAST ORDER, AND AGREE IN THE MAIN WITH THE ONE DESCRBBED. S OVE
of the commoner forms are shown in Figure 65.



CHAPTER XIl.
SUB-KINGDOM V.
Pteridophytes.

IF WE COMPARE THE STRUCTURE OF THE SFOROGONILM OF A MOSS OR LIVERWVORT WITH THE ALANT BEARNG THE SEXUAL ORGANS, WE FIND THAT ITS TISSUES ARE
BETTER DIFFERENTIATED, AND THAT IT IS ON THE WHOLE A MORE COMPLEX STRUCTURE THAN THE ALANT THAT BEARS T. IT, HOWEVER, REVAINS ATTACHED TO THE PARENT
plant, deriving its nourishment in part through the “foot” by means of which it is attached to the plant.

IN THE P TERDOPHY TES, HOWEVER, WE FIND THAT THE SPOROGONIUM BECOVES VERY MUCH MORE DEVELOPED, AND FINALLY BECOMES ENTIRELY DETACHED FROM
the sexual plant, developing in most cases roots that fasten it to the ground, after which it may live for many years, and reach a very large size.

THE SEXUAL PLANT, WHICH IS HERE CALLED THE “PROTHALLIUM,” IS OF VERY SIMPLE STRUCTURE, RESEVBLING THE LOWER LIVERWORTS USUALLY, AND NEVER REACHES
more than about a centimetre in diameter, and is often much smaller than this.

THE COMVION FERNS ARE THE TYPES OF THE SUB-KINGDOM, AND A CAREFUL STUDY OF ANY OF THESE WILL ILLUSTRATE THE PRINCIPAL PECULIARITIES OF THE GROUP.

THE WHOLE PLANT, AS WE KNOW T, IS REALLY NOTHNG BUT THE SPOROGONUM, ORGINATING FROM THE EGG CHLL IN EXACTLY THE SAME WAY AS THE MOSS
sporogonium, and like it gives rise to spores which are formed upon the leaves.

THE SPORES MAY BE COLLECTED BY FLACNG THE SPORE-BEARNG LFAVES ON SHEETS OF PAPER AND LETTING THEM DRY, WHEN THE RFE SPORES WILL BE
DISCHARGED COVERNG THE PAPER AS A FINE, BROWN FOADER. |F THESE ARE SOAWN ON FINE, RATHER CLOSELY PACKED EARTH, AND KEPT MOIST AND COVERED WITH
GLASS SO AS TO PREVENT EVAFORATION, WITHN A WEEK OR TWO A FINE, GREEN, MOSS-LIKE GROWTH WILL MAKE ITS APFEARANCE, AND BY THE BND OF FIVE OR SIX
WEEKS, IF THE WEATHER IS WARM, LITTLE, FLAT, HEART-SHAPED ALANTS OF A DARK-GREEN OOLOR MAY BE SEEN. THESE LOOK LIKE SMALL LIVERWORTS, AND ARE THE SEXUAL
ALANTS (PROTHALLIA) OF OUR FERN\S (Fig. 66, F). REVIOVING ONE OF THESE CAREFULLY, WE FIND ON THE LOWER SIDE NUVEROUS FINE HAIRS LIKE THOSE ON THE LOWER
SURFACE OF THE LIVERAVORTS, WHCH FASTEN IT FIRVLY TO THE GROUND. BY AND BY, IF OUR CULTURE HAS BEEN SUCCESSFUL, WE MAY FIND ATTACHED TO SOME OF THE
LARGER OF THESE, LITTLE FERN FLANTS GROMNG FROM THE UNDER SIDE OF THE FROTHALLIA, AND ATTACHED TO THE GROUND BY A DELICATE ROOT. AS THE LITTLE ALANT
becomes larger the prothallium dies, leaving it attached to the ground as an independent plant, which after a time bears the spores.

.66.—A, spore of the ostrich fern (Onoclea), with the outer coat removed. B, germinating spore, x 150. C, young prothallium, x 50. r, root hair. sp. spore membrane. D, E, older prothallia. a,
apical cell, x 150. F, a female prothallium, seen from below, x 12. ar. archegonia. G, H, young archegonia, in optical section, x 150. o, central cell. b, ventral canal cell. ¢, upper canal cell.
1, a ripe archegonium in the act of opening, x 150. o, egg cell. J, a male prothallium, x 50. an. antheridia. K, L, young antheridia, in optical section, x 300. M, ripe antheridium, x 300. sp.
sperm cells. N, O, antheridia that have partially discharged their contents, x 300. P, spermatozoids, killed with iodine, x 500. v, vesicle attached to the hinder end.

IN CHOOSING SPORES FOR GERMINATION [T IS BEST TO SELECT THOSE OF LARGE SIZE AND CONTAINNG ABUNDANT CHLOROPHYLL, AS THEY GERMNATE MORE READLY.
E SPECIALLY FAVORABLE FOR THS PURPOSE ARE THE SPORES OF THE OSTRCH FERN ( Onoclea struthiopteris) (Fig. 70, 1, J), oR THE SensmVE FERN (- O. sensibilis).
ANOTHER COMMON AND READLLY GROWN SPECEES IS THE LADY FERN ( Asplenium filixfoemina) (Eig. 70, H). THE SPFORES OF MOST FERNS RETAN THER VITALITY FOR
many months, and hence can be kept dry until wanted.

The first stages of germination may be readily seen by sowing the spores in water, where, under favorable circumstances, they will begin to grow within three or four days. The outer,
dry, brown coat of the spore is first ruptured, and often completely thrown off by the swelling of the spore contents. Below this is a second colorless membrane which is also ruptured, but
remains attached to the spore. Through the orifice in the second coat, the inner delicate membrane protrudes in the form of a nearly colorless papilla which rapidly elongates and
becomes separated from the body of the spore by a partition, constituting the first root hair (Fig. 66, B, C, r). The body of the spore containing most of the chlorophyll elongates more
slowly, and divides by a series of transverse walls so as to form a short row of cells, resembling in structure some of the simpler algee (C).

In order to follow the development further, spores must be sown upon earth, as they do not develop normallyin water beyond this stage.

In studying plants grown on earth, they should be carefully removed and washed in a drop of water so as to remowe, as far as possible, any adherent particles, and then may be
mounted in water for microscopic examination.

In most cases, after three or four cross-walls are formed, two walls arise in the end cell so inclined as to enclose a wedge-shaped cell (a) from which are cut off two series of
segments by walls directed alternatelyright and left (Fig. 66, D, E, a), the apical cell growing to its original dimensions after each pair of segments is cut off. The segments divide by
vertical walls in various directions so that the young plant rapidly assumes the form of a flat plate of cells attached to the ground by root hairs developed from the lower surfaces of the



cells, and sometimes from the marginal ones. As the division walls are all vertical, the plant is nowhere more than one cell thick. The marginal cells of the young segments divide more
rapidly than the inner ones, and soon project beyond the apical cell which thus comes to lie at the bottom of a cleft in the front of the plant which in consequence becomes heart-shaped
(E, F). Sooner or later the apical cell ceases to form regular segments and becomes indistinguishable from the other cells.

In the ostrich fern and lady fern the plants are dicecious. The male plants (Fig. 66, J) are very small, often barely visible to the naked eye, and when growing thickly form dense, moss-
like patches. They are variable in form, some irregularly shaped, others simple rows of cells, and some have the heart shape of the larger plants.

THE FEVALE PLANTS (- Fig. 66, F) ARE ALWAYS COMPARATIVELY LARGE AND REGULARLY HEART-SHAPED, OOCASIONALLY REACHNG A DIAVETER OF NEARLY OR QUITE
one centimetre, so that they are easily recognizable without microscopical examination.

All the cells of the plant except the root hairs contain large and distinct chloroplasts much like those in the leaves of the moss, and like them usually to be found in process of
division.

The archegonia arise from cells of the lower surface, just behind the notch in front (Fig. 66, F, ar.). Previous to their formation the cells at this point divide by walls parallel to the
surface of the plant, so as to form sewveral layers of cells, and from the lowest layer of cells the archegonia arise. They resemble those of the liverworts but are shorter, and the lower part
is completely sunk within the tissues of the plant (Fig. 66, G, /). They arise as single surface cells, this first dividing into three by walls parallel to the outer surface. The lower cell
undergoes one or two divisions, but undergoes no further change; the second cell (C, o), becomes the egg cell, and from it is cut off another cell (c), the canal cell of the neck; the
uppermost of the three becomes the neck. There are four rows of neck cells, the two forward ones being longer than the others, so that the neck is bent backward. In the full-grown
archegonium, there are two canal cells, the lower one (H, b) called the ventral canal cell, being smaller than the other.

Shortly before the archegonium opens, the canal cells become disorganized in the same way as in the bryophytes, and the protoplasm of the central cell contracts to form the egg
cell which shows a large, central nucleus, and in favorable cases, a clear space at the top called the “receptive spot,” as it is here that the spermatozoid enters. When ripe, if placed in
water, the neck cells become very much distended and finally open widely at the top, the upper ones not infrequently being detached, and the remains of the neck cells are forced out
(Fig. 66, /).

The antheridia (Fig. 66. J, M) arise as simple hemispherical cells, in which two walls are formed (Ki, ii), the lower funnel-shaped, the upper hemispherical and meeting the lower
one so as to enclose a central cell (shaded in the figure), from which the sperm cells arise. Finally, a ring-shaped wall (L iii) is formed, cutting off a sort of cap cell, so that the antheridium
at this stage consists of a central cell, surrounded by three other cells, the two lower ring-shaped, the upper disc-shaped. The central cell, which contains dense, glistening protoplasm,
is destitute of chlorophyll, but the outer cells have a few small chloroplasts. The former divides repeatedly, until a mass of about thirty-two sperm cells is formed, each giving rise to a
large spirally-coiled spermatozoid. \When ripe, the mass of sperm cells crowds so upon the outer cells as to render them almost invisible, and as they ripen they separate by a partial
dissolving of the division walls. When brought into water, the outer cells of the antheridium swell strongly, and the matter derived from the dissolved walls of the sperm cells also
absorbs water, so that finally the pressure becomes so great that the wall of the antheridium breaks, and the sperm cells are forced out by the swelling up of the wall cells (N, O). After
lying a few moments in the water, the wall of each sperm cell becomes completely dissolved, and the spermatozoids are released, and swim rapidly away with a twisting movement.
They may be killed with a little iodine, when each is seen to be a somewnhat flattened band, coiled several times. At the forward end, the coils are smaller, and there are numerous very
long and delicate cilia. At the hinder end may generally be seen a delicate sac (P, v), containing a few small granules, some of which usually show the reaction of starch, turning blue
when iodine is applied.

In studying the development of the antheridia, it is only necessary to mount the plants in water and examine them directly; but the study of the archegonia requires careful longitudinal
sections of the prothallium. To make these, the prothallium should be placed between small pieces of pith, and the razor must be very sharp. It may be necessaryto use a little potash to
make the sections transparent enough to see the structure, but this must be used cautiously on account of the great delicacy of the tissues.

If a plant with ripe archegonia is placed in a drop of water, with the lower surface uppermost, and at the same time male plants are put with it, and the whole covered with a cover
glass, the archegonia and antheridia will open simultaneously; and, if examined with the microscope, we shall see the spermatozoids collect about the open archegonia, to which they
are attracted by the substance forced out when it opens. With a little patience, one or more may be seen to enter the open neck through which it forces itself, by a slow twisting movement,
down to the egg cell. In order to make the experiment successful, the plants should be allowed to become a little dry, care being taken that no water is poured over them for a day or two
beforehand.

The first divisions of the fertilized egg cell resemble those in the moss embryo, except that the first wall is parallel with the archegonium axis, instead of at right angles to it. Very
soon, however, the embryo becomes very different, four growing points being established instead of the single one found in the moss embryo. The two growing points on the side of the
embryo nearest the archegonium neck grow faster than the others, one of these outstripping the other, and soon becoming recognizable as the first leaf of the embryo (Fig. 67, A, L). The
other (r) is peculiar, in having its growing point covered by several layers of cells, cut off from its outer face, a peculiarity which we shall find is characteristic of the roots of all the higher
plants, and, indeed, this is the first root of the young fern. Of the other two growing points, the one next the leaf grows slowly, forming a blunt cone (st.), and is the apex of the stem. The
other (f) has no definite form, and serves merely as an organ of absorption, by means of which nourishment is supplied to the embryo from the prothallium; itis known as the foot.

.67.—A, embryo of the ostrich fern just before breaking through the prothallium, x 50. st. apex of stem. /, first leaf. r, first root. ar. neck of the archegonium. B, young plant, still attached to
the prothallium (pr.). C, underground stem of the maiden-hair fern (Adiantum), with one young leaf, and the base of an older one, x 1. D, three cross-sections of a leaf stalk: i, nearest the
base; iii, nearest the blade of the leaf, showing the division of the fibro-vascular bundle, x 5. E, part of the blade of the leaf, x V% F, a single spore-bearing leaflet, showing the edge folded
over to cover the sporangia, x 1. G, part of the fibro-vascular bundle of the leaf stalk (cross-section), x 50. x, woody part of the bundle. y, bast. sh. bundle sheath. H, a small portion of the
same bundle, x 150. /, stony tissue from the underground stem, x 150. J, sieve tube from the underground stem, x 300.

Up to this point, all the cells of the embryo are much alike, and the embryo, like that of the bryophytes, is completely surrounded by the enlarged base of the archegonium (compare



Fig. 67, A, with Fig. 55); but before the embryo breaks through the overlying cells a differentiation of the tissues begins. In the axis of each of the four divisions the cells divide lengthwise
so as to form a cylindrical mass of narrow cells, not unlike those in the stem of a moss. Here, however, some of the cells undergo a further change; the walls thicken in places, and the
cells lose their contents, forming a peculiar conducting tissue (tracheary tissue), found only in the two highest sub-kingdoms. The whole central cylinder is called a “fibro-vascular
bundle,” and in its perfect form, atleast, is found in no plants below the ferns, which are also the first to develop true roots.

THE YOUNG ROOT AND LEAF NOW RAPIDLY ELONGATE, AND BURST THROUGH THE OVERLYING CELLS, THE FORVER GROMNG DOWNWARD AND BEOCOMING FASTENED IN
THE GROUND, THE LATTER GROWING UPWARD THROUGH THE NOTCH IN THE FRONT OF THE PROTHALLIUM, AND INOREASING RARDLY IN SIZE ( Fig. 67, B). THE LEAF IS MORE OR
LESS DEEFLY OLEFT, AND TRAVERSED BY VENS WHCH ARE OCONTINUATIONS OF THE FIBRO-VASCULAR BUNDLE OF THE STALK, AND THEVSELVES FORK ONCE OR TWICE THE
SURFACE OF THE LEAF IS COVERED WITH A WELL-DEVELOPED EPDERVIS, AND THE CELLS OCCUPYING THE SPACE BETWEEN THE VENS OONTAIN NUVEROUS
CHLOROPLASTS, SO THAT THE LITTLE ALANT IS NOW QUITE INDEPENDENT OF THE PROTHALLIUM, WHCH HAS HTHERTO SUPFORTED IT. AS SOON AS THE FERN IS FRMLY
established, the prothallium withers away.

C OVPARNG THS NOW WITH THE DEVELOPVENT OF THE SPOROGONIUM IN THE BRYOPHYTES, [T IS EVIDENT THAT THE YOUNG FERN IS THE EQUVALENT OF THE
SPOROGONUM OR SPORE FRUT OF THE FORVER, BENG, LIKE IT, THE DIRECT PRODUCT OF THE FERTILIZED EGG CELL; AND THE PROTHALLIUM REPRESENTS THE MOSS OR
LIVERWORT, UPON WHICH ARE BORNE THE SEXUAL ORGANS. IN THE FERN, HOWEVER, THE SFOROGONUM BECOVES ENTIRELY INDEPENDENT OF THE SEXUAL ALANT, AND
does not produce spores until it has reached a large size, living many years. The sexual stage, on the other hand, is very much reduced, as we have
SEEN, BENG SO SMALL AS TO BE ORDINARLY COMPLETELY OVERLOOKED; BUT ITS RESEVBLANCE TO THE LOWER LIVERAORTS, LIKE Riccia, OR THE HORNED LIVERWORTS, IS
OBVIOUS. THE TERVS OOPHY TE (EGG-BEARNG FLANT) AND SPOROPHY TE (SPORE-BEARING FLANT, OR SPOROGONUM) ARE SOVETIVES USED TO DISTINGUSH BETWERN
the sexual plant and the spore-bearing one produced from it.

THE COMMON MAIDEN-HAIR FERN ( Adiantum pedatum) HAS BEEN SELECTED HERE FOR STUDYING THE STRUCTURE OF THE FULL-GROWN SPOROPHYTE, BUT ALMOST
ANY OTHER COMVON FERN WILL ANSWER THE MAIDEN-HAIR FERN IS COMMON IN RCH WOODS, AND MAY BE AT ONCE RECOGNIZED BY THE FORM OF ITS LEAVES. THESE
ARSE FROM A CREEPING, UNDERGROUND STEM ( Fig. 67, C), WHCH IS COVERED WITH BROWNISH SCALES, AND EACH LEAF CONSISTS OF A SLENDER STALK, REDDISH
BROWN OR NEARLY BLACK IN OOLOR, WHCH DIVIDES INTO TWO EQUAL BRANCHES AT THE TOP. E ACH OF THESE MAIN BRANCHES BEARS A ROW OF SMALLER ONES ON THE

OUTSIDE, AND THESE HAVE A ROW OF DELICATE LEAFRLETS ON EACH SIDE ( Fig. 67, E). THE STEM OF THE FLANT IS FASTENED TO THE GROUND BY MEANS OF NUVEROUS
stout roots. The youngest of these, near the growing point of the stem, are unbranched, but the older ones branch extensively (C).
ON BREAKING THE STEM ACROSS, T IS SEEN TO BE DARK-COLORED, EXCEPT IN THE CENTRE, WHCH IS TRAVERSED BY A WOODY CYLINDER (FIBRO-VASCULAR BUNDLE)

OF A LIGHTER OOLOR. THS IS SOVETIVES GRCULAR IN SECTIONS, SOVETIVES HORSE-SHOE SHAPED. VW HERE THE STEM BRANCHES, THE BUNDLE OF THE BRANCH MAY
be traced back to where it joins that of the main stem.

Athin cross-section of the stem shows, when magnified, three regions. First, an outer row of cells, often absent in the older portions; this is the epidermis. Second, within the
epidermis are several rows of cells similar to the epidermal cells, but somewhat larger, and like them having dark-brown walls. These merge gradually into larger cells, with thicker
golden brown walls (Fig. 67, /). The latter, if sufficiently magnified, show distinct striation of the walls, which are often penetrated by deep narrow depressions or “pits.” This thick-walled
tissue is called “stony tissue” (schlerenchyma). All the cells contain numerous granules, which the iodine test shows to be starch. All of this second region lying between the epidermis
and the fibro-vascular bundle is known as the ground tissue. The third region (fibro-vascular) is, as we have seen without the microscope, circular or horse-shoe shaped. It is sharply
separated from the ground tissue by a row of small cells, called the “bundle sheath.” The cross-section of the bundle of the leaf stalk resembles, almost exactly, that of the stem; and, as
itis much easier to cut, it is to be preferred in studying the arrangement of the tissues of the bundle (Fig. 67, G). Within the bundle sheath (sh.) there are two well-marked regions, a
central band (x) of large empty cells, with somewhat angular outlines, and distinctly separated walls; and an outer portion (y) filling up the space between these central cells and the
bundle sheath. The central tissue (x) is called the woody tissue (xylem); the outer, the bast (phloem). The latter is composed of smaller cells of variable form, and with softer walls than
the wood cells.

Alongitudinal section of either the stem or leaf stalk shows that all the cells are decidedly elongated, especially those of the fibro-vascular bundle. The xlem (Fig. 68, C, x) is made
up principally of large empty cells, with pointed ends, whose walls are marked with closely set, narrow, transverse pits, giving them the appearance of little ladders, whence they are
called “scalariform,” or ladder-shaped markings. These empty cells are known as “tracheids,” and tissue composed of such empty cells, “tracheary tissue.” Besides the tracheids, there
are a few small cells with oblique ends, and with some granular contents.

The phloem is composed of cells similar to the latter, but there may also be found, especially in the stem, other larger ones (Fig. 67, J), whose walls are marked with shallow
depressions, whose bottoms are finely pitted. These are the so-called “sieve tubes.”

For microscopical examination, either fresh or alcoholic material may be used, the sections being mounted in water. Potash will be found useful in rendering opaque sections
transparent.

THE LEAVES, WHEN YOUNG, ARE COILED UP ( Fig. 67, C), OWNG TO GROWTH IN THE EARLIER STAGES BEING GREATER ON THE LOWER THAN ON THE UFPER SDE. AS
the leaf unfolds, the stalk straightens, and the upper portion (blade) becomes flat.

THE GENERAL STRUCTURE OF THE LEAF STALK MAY BE UNDERSTOOD BY MAKING A SERES OF OROSS-SECTIONS AT DIFFERENT HEGHTS, AND EXAMNING THEM WITH A
HAND LENS. THE ARRANGEVENT IS ESSENTIALLY THE SANE AS IN THE STEVL THE ERDERVIS AND IMVEDIATELY UNDERLYING GROUND TISSUE ARE DARK-COLORED, BUT
THE INNER GROUND TISSLE IS LIGHT-00OLORED, AND MUCH SOFTER THAN THE CORRESPONDING PART OF THE STEM, AND SOVE OF THE OUTER CELLS SHOW A GREENISH COLOR,
due to the presence of chlorophyll.

THE SECTION OF THE FIBRO-VASCULAR BUNDLE DIFFERS AT DIFFERENT HEGHTS. NEAR THE BASE OF THE STALK (F IG. D 1) IT IS HORSESHOE-SHAPED; BUT, IF EXAMNED
HGHER UP, IT IS FOUND TO DIVIDE (- Il, i), ONE PART GOING TO EACH OF THE MAIN BRANCHES OF THE LEAF. THESE SEOONDARY BUNDLES DIVIDE FURTHER, FORMNG THE
veins of the leaflets.

THeE LEAFLETS (E, F) ARE ONE-SIDED, THE PRNOIPAL VEN RUNNING CLOSE TO THE LOAER EDGE, AND THE OTHERS BRANCHNG FROM IT, AND FORKING AS THEY
APPROACH THE UPPER MARGIN, WHCH IS DEEFLY LOBED, THE LOBES BEING AGAIN DIVIDED INTO TEETH. THE LEAFLETS ARE VERY THIN AND DELICATE, WITH EXTREVELY
SMOOTH SURFACE, WHICH SHEDS WATER PERFECTLY. |F THE PLANT IS A LARGE ONE, SOME OF THE LEAVES WILL FROBABLY BEAR SPORES. THE SFORE-BEARNG LEAVES ARE
AT ONCE DISTINGUSHED BY HAVING THE MDDLE OF EACH LOBE OF THE LEAFLETS FOLDED OVER UPON THE LOWER SIDE ( F). ON LIFTING ONE OF THESE FLAPS, NUVEROUS
LITTLE ROUNDED BODIES (SPORE CASES) ARE SEEN, WHITISH WHEN YOUNG, BUT BEOCOMING BROWN AS THEY RPEN. IF A LEAF WITH RFE SPORE CASES IS ALACED upon
a piece of paper, as it dries the spores are discharged, covering the paper with the spores, which look like fine brown powder.
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.68.—A, vertical section of the leaf of the maiden-hair femn, which has cut across a vein (fb.), x 150. B, surface view of the epidermis from the lower surface of a leaf. f, vein. p, breathing
pore, x 150. C, longitudinal section of the fibro-vascular bundle of the leaf stalk, showing tracheids with ladder-shaped markings, x 150. D, longitudinal section through the tip of a root,
x 150. a, apical cell. Pl. young fibro-vascular bundle. Pb. young ground tissue. E, cross-section of the root, through the region of the apical cell (a), x 150. F, cross-section through a full-
grown root, x 25. r, root hairs. G, the fibro-vascular bundle of the same, x 150.

Amicroscopical examination of the leaf stalk shows the tissues to be almost exactly like those of the stem, except the inner ground tissue, whose cells are thin-walled and colorless
(soft tissue or “parenchyma”) instead of stony tissue. The structure of the blade of the leaf, however, shows a number of peculiarities. Stripping off a little of the epidermis with a needle,
or shaving off a thin slice with a razor, it may be examined in water, removing the air if necessary with alcohol. It is composed of a single layer of cells, of very irregular outline, except
where it overlies a vein (Fig. 68, B, f). Here the cells are long and narrow, with heawy walls. The epidermal cells contain numerous chloroplasts, and on the under surface of the leaf
breathing pores (stomata, sing. stoma), not unlike those on the capsules of some of the bryophytes. Each breathing pore consists of two special crescent-shaped epidermal cells (guard
cells), enclosing a central opening or pore communicating with an air space below. They arise from cells of the young epidermis that divide by a longitudinal wall, that separates in the
middle, leaving the space between.

.69.—A, mother cell of the s.porangium of the maiden-hair fern, x 300. B, young sporangium, surface view, x 150: i, from the side; ii, from above. C-E, successive stages in the
development of the sporangium seen in optical section, x 150. F, nearly ripe sporangium, x 50: i, from in front; i, from the side. an. ring. st. point of opening. G, group of four spores,
x 150. H, a single spore, x 300.

By holding a leaflet between two pieces of pith, and using a very sharp razor, cross-sections can be made. Such a section is shown in Fig. 68, A. The epidermis (e) bounds the
upper and lower surfaces, and if a vein (f.b.) is cut across its structure is found to be like that of the fibro-vascular bundle of the leaf stalk, but much simplified.

The ground tissue of the leaf is composed of veryloose, thin-walled cells, containing numerous chloroplasts. Between them are large and numerous intercellular spaces, filled with
air, and communicating with the breathing pores. These are the principal assimilating cells of the plant; i.e. they are principally concerned in the absorption and decomposition of
carbonic acid from the atmosphere, and the manufacture of starch.



The spore cases, or sporangia (Fig. 69), are at first little papillee (A), arising from the epidermal cells, from which they are early cut off by a cross-wall. In the upper cell several walls
next arise, forming a short stalk, composed of three rows of cells, and an upper nearly spherical cell—the sporangium proper. The latter now divides by four walls (B, C, i—iv), into a
central tetrahedral cell, and four outer ones. The central cell, whose contents are much denser than the outer ones, divides again by walls parallel to those first formed, so that the young
sporangium now consists of a central cell, surrounded by two outer layers of cells. From the central cell a group of cells is formed by further divisions (D), which finally become entirely
separated from each other. The outer cells of the spore case divide only by wallls, at right angles to their outer surface, so that the wall is never more than two cells thick. Later, the inner
of these two layers becomes disorganized, so that the central mass of cells floats free in the cavity of the sporangium, which is now surrounded by but a single layer of cells (E).

Each of the central cells divides into four spores, precisely as in the bryophytes. The young spores (G, H) are nearly colorless and are tetrahedral (like a three-sided pyramid) in form.
As theyripen, chlorophyll is formed in them, and some oil. The wall becomes differentiated into three layers, the outer opaque and brown, the two inner more delicate and colorless.

Running around the outside of the ripe spore case is a single row of cells (an.), differing from the others in shape, and having their inner walls thickened. Near the bottom, two
(sometimes four) of these cells are wider than the others, and their walls are more strongly thickened. It is at this place (st.) that the spore case opens. When the ripe sporangium
becomes dry, the ring of thickened cells (an.) contracts more strongly than the others, and acts like a spring pulling the sporangium open and shaking out the spores, which germinate
readily under favorable conditions, and form after a time the sexual plants (prothallia).

THE ROOTS OF THE SPOROPHYTE ARISE IN LARGE NUVBERS, THE YOUNGEST BENG ALWAYS NEAREST THE GROWING POINT OF THE STEM OR LARGER ROOTS ( Fig. 67,
C). THE GROWING ROOTS ARE FOINTED AT THE END WHICH IS ALSO LIGHT-OOLORED, THE OLDER PARTS BEOOMNG DARK BROWN. A’ OROSS-SECTION OF THE OLDER FORTIONS
SHOWS A DARK-BROWN GROUND TISSUE WITH A CENTRAL, LIGHT-COLORED, ORCULAR, FIBRO-VASCULAR BUNDLE ( Fig. 68, F). GROWNG FROM ITS OUTER SURFACE ARE
numerous brown root hairs (r).

When magnified the walls of all the outer cells (epidermis and ground tissue) are found to be dark-colored but not very thick, and the cells are usually filled with starch. There is a
bundle sheath of much-flattened cells separating the fibro-vascular bundle from the ground tissue. The bundle (Fig. 68, G) shows a band of tracheary tissue in the centre surrounded by
colorless cells, all about alike.

All of the organs of the fern grow from a definite apical cell, butitis difficult to study except in the root.

Selecting a fresh, pretty large root, a series of thin longitudinal sections should be made either holding the root directly in the fingers or placing it between pieces of pith. In order to
awid drying of the sections, as is indeed true in cutting any delicate tissue, it is a good plan to wet the blade of the razor. If the section has passed through the apex, it will show the
structure shown in Figure 68, D. The apical cell (a) is large and distinct, irregularly triangular in outline. It is really a triangular pyramid (tetrahedron) with the base upward, which is shown
by making a series of cross-sections through the root tip, and comparing them with the longitudinal sections. The cross-section of the apical cell (Fig. L) appears also triangular,
showing all its faces to be triangles. Regular series of segments are cut off in succession from each of the four faces of the apical cell. These segments undergo regular divisions also,
so that very early a differentiation of the tissues is evident, and the three tissue systems (epidermal, ground, and fibro-vascular) may be traced almost to the apex of the root (68, D). From
the outer series of segments is derived the peculiar structure (root cap) covering the delicate growing point and protecting it from injury.

The apices of the stem and leaves, being otherwise protected, develop segments only from the sides of the apical cell, the outer face never having segments cut off from it.



CHAPTER XIil.
CLASSIFICATION OF THE PTERIDOPHYTES.

THRe are three well-marked classes of the Pteridophytes: the ferns (Filicinae); horse-tails (Equisetinge); and the club mosses (Lycopodinee).
Cuass |.—Ferns (Filicinae).

THE FER\S CONSTITUTE BY FAR THE GREATER NUVBER OF PTERDOPHYTES, AND THER GENERAL STRUCTURE CORRESFONDS WITH THAT OF THE MADEN-HAR FERN
DESCRBED. THERE ARE THREE ORDERS, OF WHCH TWO, THE TRUE FERNS ( Filices) anD THE ADDERTONGUES ( Ophioglossaceae), ARE REFRESENTED IN THE UNITED
STATES. A THRD ORDER, INTERVEDIATE IN SOVE RESPECTS BETWEEN THESE TWO, AND CALLED THE RINGLESS FER\S ( Marattiaceae), HAS NO REPRESENTATIVES WITHN

our territory.
The classification is at present based largely upon the characters of the sporophyte, the sexual plants being still very imperfectly known in many

forms.
The adder-tongues (Ophioglossaceae) are mostly plants of rather small size, ranging from about ten to fifty centimetres in height. There are two
GENERA IN THE UNITED S TATES, THE TRUE ADDER-TONGUES ( Ophioglossum) AND THE GRAFE FERNS (- Botrychium). THEY SEND UP BUT ONE LEAF EACH YEAR, AND

THS IN FRUTING SPECMENS (- Fig. 70, A) IS DIVIDED INTO TWO PORTIONS, THE SPORE BEARING ( X) AND THE GREEN VEGETATVE PART. IN  Botrychium THE LEAVES ARE
MORE OR LESS DEEFLY DVIDED, AND THE SFORANGIA DISTINCT ( Fig. 71, B). INOphioglossum THE STERLE DVISION OF THE LEAF IS USUALLY SMOOTH AND

UNDIVIDED, AND THE ~ SPORE-BEARNG DIVISION FORMS A SORT OF SPKE, AND THE SPORANGIA ARE MUCH LESS DISTINCT. THE SPORANGIA IN BOTH DIFFER ESSENTIALLY
from those of the true ferns in not being derived from a single epidermal cell, but are developed in part from the ground tissue of the leaf.

.70—Forms of ferns. A, grape fern (Botrychium), x . x,
sporangium of Osmunda, x 25. r, ring. E, Polypodium, % 1. F, brake (Pteris), x 1. G, shield fern (Aspidium), x 2. H, spleen-wort (Asplenium), x 2. I, ostrich fern (Onoclea), x 1. J, the same,
with the incurved edges of the leaflet partially raised so as to show the masses of sporangia beneath, x 2.

IN THE TRUE FER\S ( Filices), THE SPORANGIA RESEVBLE THOSE ALREADY DESCRBED, ARSING IN ALL (UNLESS POSSBBLY Osmunda) FROM A SINGLE EPDERVAL
cell.

ONE GROUWP, THE WATER FER\S ( Rhizocarpeae), PRODUCE TWO KINDS OF SPORES, LARGE AND SMALL. THE FORVER PRODUCE MALE, THE LATTER FEMALE
PROTHALLIA. IN BOTH CASES THE FROTHALLIUM IS~ SVALL, AND OFTEN SCARCELY PROTRUDES BEYOND THE SFORE, AND MAY BE REDUCED TO A SINGLE ARCHEGONUM OR
antheridium (Eig. 71, B, C) WITH ONLY ONE OR TWO CELLS REPRESENTING THE VEGETATIVE CELLS OF THE FROTHALLILM (V). THE WATER FERNS ARE ALL AQUATIC OR SEMF
AQUATIC PLANTS, FEV IN NUVBER AND SCARCE OR LOCAL IN THER DISTRBUTION. THE COMMONEST ARE THOSE OF THE GENUS Marsilia (Fig. 71, A), LOOKNG LKE A
four-leaved clover. Others (Salvinia, Azolla) are floating forms (Eig. 71, D).



. 71.—A, Marsilia, one of the Rhizocarpeae (after Underwood). sp. the “fruits” containing the sporangia. B, a small spore of Pilularia, with the ripe antheridium protruding, x 180. C, male
prothallium removed from the spore, x 180. D, Azolla (after Sprague), x 1.

OF THE TRUE FERNS THERE ARE A NUVBER OF FAMLIES DISTINGUSHED MAINLY BY THE POSITION OF THE SPFORANGIA, AS WELL AS BY SOME DIFFERENCES IN THER
structure. Of our common ferns, those differing most widely from the types are the flowering ferns (Osmunda), shown in Figure 70, C, D. In these the
SPORANGIA ARE LARGE AND THERNG (1) RUDIVENTARY. THE LEAFLETS BEARNG THE SPORANGIA ARE MORE OR LESS CONTRACTED AND COVERED COMPLETELY WITH THE
sporangia, sometimes all the leaflets of the spore-bearing leaf being thus changed, sometimes only a few of them, as in the species figured.

OUWR OTHER COMVON FERNS HAVE THE SPORANGIA IN GROUPS ( SOfi, SNG. SOruUS) ON THE BACKS OF THE LEAVES. THESE SOR ARE OF DIFFERENT SHAFE IN
DIFFERENT GENERA, AND ARE USUALLY PROTECTED BY A DELICATE MEVBRANOUS COVERNG (INDUSIUM). ILLUSTRATIONS OF SOVE OF THE COMVONEST GENERA ARE
shown in Figure 70, E, J.

Cuass Il.—HoRsETAILS (Equisetinae).

THE SEOOND CLASS OF THE PTERDOPHYTES INCLUDES THE HORSE-TALS ( Equisetinse) OF WHOH ALL LIVING FORMS BELONG TO A SNGLE GENUS ( Equisetum).
Formerly they were much more numerous than at present, remains of many different forms being especially abundant in the coal formations.



. 72.—A, spore-bearing stem of the field horse-tail (Equisetum), x 1. x, the spore-bearing cone. B, sterile stem of the same, x %2 C, underground stem, with tubers (o), x 2. D, cross-
section of an aerial stem, x 5. £.b. fibro-vascular bundle. E, a single fibro-vascular bundle, x 150. fr. vessels. F, a single leaf from the cone, x 5. G, the same cut lengthwise, through a
spore sac (sp.), x 5. H, a spore, x 50. /, the same, moistened so that the elaters are coiled up, x 150. J, a male prothallium, x 50. an. an antheridium. K, spermatozoids, x 300.

ONE OF THE COMMONEST FORVES IS THE FIELD HORSE-TAIL ( Equisetum arvense), A VERY ABUNDANT AND WIDELY DISTRBUTED SPECES. IT GROWS IN LOW, MOIST
ground, and is often found in great abundance growing in the sand or gravel used as “ballast” for railway tracks.
THE PLANT SENDS UP BRANCHES OF TWO KINDS FROM A CREEPING UNDERGROUND STEM THAT MAY REACH A LENGTH OF A METRE OR MORE. THS STBM ( Fig. 72,
C) IS DISTINCTLY JOINTED, BEARNG AT EACH JOINT A TOOTHED SHEATH, BEST SEEN IN THE YOUNGER PORTIONS, AS THEY ARE APT TO BE DESTROYED IN THE OLDER PARTS.
S OVETIVES ATTACHED TO THS ARE SMVALL TUBERS ( O) WHCH ARE MUCH-SHORTENED BRANCHES AND UNDER FAVORABLE CIRCUMSTANCES GIVE RISE TO NEW STEVS.
They have a hard, brown rind, and are composed within mainly of a firm, white tissue, filled with starch.
THE SURFACE OF THE STEM IS MARKED WITH FURROWS, AND A SECTION ACROSS IT SHOWS THAT CORRESPONDING TO THESE ARE AS MANY LARGE AR SPACES THAT
traverse the stem from joint to joint. From the joints numerous roots, quite like those of the ferns, arise.
IF THE STEM IS DUG UP IN THE LATE FALL OR WINTER, NUVEROUS SHORT BRANCHES OF A LIGHTER COLOR WILL BE FOUND GROWING FROM THE JOINTS. THESE LATER GROW
UP ABOVE GROUND INTO BRANCHES OF TWO SORTS. THOSE PRODUCED FIRST ( Fig. 72, A), NAPRL OR MAY, ARE STOUTER THAN THE OTHERS, AND NEARLY DESTITUTE OF
chlorophyll. They are usually twenty to thirty centimetres in height, of a light reddish brown color, and, like all the stems, distinctly jointed. The sheaths
about the joints (L) ARE MUCH LARGER THAN IN THE OTHERS, AND HAVE FROM TEN TO TWELVE LARGE BLACK TEETH AT THE TOP. THESE SHEATHS ARE THE LEAVES. AT THE
top of the branch the joints are very close together, and the leaves of different form, and closely set so as to form a compact cone (x).
A (ROSS—SECTIO\IG:TI-ESTEM( D) SHOWS MUCH THE SAME STRUCTURE AS THE UNDERGROUND STEV, BUT THE NUMBER OF AR SPACES IS LARGER, AND IN
ADDITION THERE IS A LARGE CENTRAL CAVITY. THE  fibro-vascular bundles (£.5.) ARE ARRANGED IN A CRCLE, ALTERNATING WITH THE AR CHANNELS, AND EACH ONE HAS
running through it a small air passage.
THE CONE AT THE TOP OF THE BRANCH IS MADE UP OF CLOSHELY SET, SHE.D-SHAPED LEAVES, WHCH ARE MOSTLY SIX-SIDED, ON ACCOUNT OF THE PRESSURE.
THESE LEAVES ( F, G) HAVE SHORT STALKS, AND ARE ARRANGED IN CIRCLES ABOUT THE STEM. E ACH ONE HAS A NUVBER OF SPORE CASES HANGING DOWN FROM THE
edge, and opening by a cleft on the inner side (G, sp.). They are filled with a mass of greenish spores that shake out at the slightest jar when ripe.
THE STERLE BRANCHES ( B) ARE MORE SLENDER THAN THE SFORE-BEARING ONES, AND THE SHEATHS SHORTER. S URROUNDING THE JOINTS, APPARENTLY JUST BELOW
THE SHEATHS, BUT REALLY BREAKING THROUGH THER BASES, ARE CIRCLES OF SLENDER BRANCHES RESEVBLING THE MAIN BRANCH, BUT MORE SLENDER THE STERLE
BRANCHES GROW TO A HEGHT OF FORTY TO FIFTY CENTIVETRES, AND FROM THER BUSHY FORM THE FOPULAR NANE OF THE FLANT, “HORSE-TALL,” IS TAKEN. THE SURFACE OF
the plant is hard and rough, due to the presence of great quantities of flint in the epidermis,—a peculiarity common to all the species.

The stem is mainly composed of large, thin-walled cells, becoming smaller as they approach the epidermis. The outer cells of the ground tissue in the green branches contain
chlorophyll, and the walls of some of them are thickened. The fibro-vascular bundles differ entirely from those of the ferns. Each bundle is nearly friangular in section (E), with the point
inward, and the inner end occupied by a large air space. The tracheary tissue is only slightly developed, being represented by a few vessels[9] (ir.) at the outer angles of the bundle, and
one or two smaller ones close to the air channel. The rest of the bundle is made up of nearly uniform, rather thin-walled, colorless cells, some of which, however, are larger, and have
perforated cross-walls, representing the sieve tubes of the fern bundle. There is no individual bundle sheath, but the whole circle of bundles has a common outer sheath.

The epidermis is composed of elongated cells whose walls present a peculiar beaded appearance, due to the deposition of flint within them. The breathing pores are arranged in
vertical lines, and resemble in general appearance those of the ferns, though differing in some minor details. Like the other epidermal cells the guard cells have heawy deposits of flint,
which here are in the form of thick transverse bars.

The spore cases have thin walls whose cells, shortly before maturity, develop thickenings upon their walls, which have to do with the opening of the spore case. The spores (H, /)
are round cells containing much chlorophyll and provided with four peculiar appendages called elaters. The elaters are extremely sensitive to changes in moisture, coiling up tightly
when moistened (/), but quickly springing out again when dry (H). By dusting a few dry spores upon a slide, and putting it under the microscope without any water, the movement may be

easily examined. Lightly breathing upon them will cause the elaters to contract, butin a moment, as soon as the moisture of the breath has evaporated, they will uncoil with a quick jerk,
causing the spores to move about considerably.



The fresh spores begin to germinate within about twenty-four hours, and the early stages, which closely resemble those of the ferns, may be easily followed by sowing the spores in
water. With care itis possible to get the mature prothallia, which should be treated as described for the fern prothallia. Under favorable conditions, the first antheridia are ripe in about five

weeks; the archegonia, which are borne on separate plants, a few weeks later. The antheridia (Fig. 72, J, an.) are larger than those of the ferns, and the spermatozoids (K) are thicker
and with fewer coils, but otherwise much like fern spermatozoids.

The archegonia have a shorter neck than those of the ferns, and the neck is straight.
Both male and female prothallia are much branched and veryirregular in shape.

THERE ARE A NUVBER OF COMMON SPECES OF Equisetum. SOVE OF THEM, LIKE THE COMVON SCOURING RUSH ( E. hiemale), ARE UNBRANCHED, AND THE
SPORES BORNE AT THE TOP OF ORDINARY GREEN BRANCHES; OTHERS HAVE ALL THE STEMS BRANCHNG LIKE THE STERLE STEVS OF THE FIELD HORSE-TALL, BUT PRODUCE A
spore-bearing cone at the top of some of them.

Cuass lIl.—THe CLus Mosses (Lycopodinze).

THE LAST CLASS OF THE PTERIDOPHY TES INCLUDES THE GROUND PINES, OLUB MOSSES, ETC., AND AMONG CULTIVATED FLANTS NUVEROUS SPECES OF THE SMALLER
club mosses (Selaginella).

TWO ORDERS ARE GENERALLY RECOGNIZED, ALTHOUGH THERE IS SOMVE DOUBT AS TO THE RELATIONSHP OF THE MEVBERS OF THE SECOND ORDER. THE FIRST ORDER,
THE LARGER OLUB MOSSES ( Lycopodiaceae) 1s REFRESENTED IN THE NORTHERN STATES BY A SINGLE GENUS ( Lycopodium), OF WHCH THE COMMON GROUND PINE
(L. dendroideum) (Eig. 73) IS A FAMLIAR SPECIES. THE FLANT GROWS IN THE EVERGREEN FORESTS OF THE NORTHERN UNITED S TATES AS WELL AS IN THE MOUNTAINS
FURTHER SOUTH, AND IN THE LARGER NORTHERN CITIES IS OFTEN SOLD IN LARGE QUANTITIES AT THE HOLIDAYS FOR DECORATING. IT SENDS UP FROM A CREEPING, \WOODY,
SUBTERRANEAN STEM, NUVEROUS SMALLER STEMS WHCH BRANCH EXTENSIVELY, AND ARE THCKLY SET WITH SMALL MOSS-LIKE LEAVES, THE WHOLE LOOKING MUCH LIKE
a little tree. At the ends of some of the branches are small cones (A, x, B) composed of closely overlapping, scale-like leaves, much as in a fir cone.
NEAR THE BASE, ON THE INNER SURFACE OF EACH OF THESE SCALES, IS A KIDNEY-SHAPED CAPSLLE ( C, Sp.) OPENING BY A CLEFT ALONG THE UFPER EDGE AND FILLED
with a mass of fine yellow powder. These capsules are the spore cases.

THE BASES OF THE UPRGHT STEMS ARE ALMOST BARE, BUT BECOME COVERED WITH LEAVES HGHER UP. THE LEAVES ARE IN SHAPE LIKE THOSE OF A MOSS, BUT
are thicker. The spore-bearing leaves are broader and when slightly magnified show a toothed margin.

THE STEM IS TRAVERSED BY A CENTRAL FIBRO-VASCULAR CYLINDER THAT SEPARATES EASLY FROM THE SURROUNDING TISSUE, OWING TO THE RUPTURE OF THE CELLS OF
the bundle sheath, this being particularly frequent in dried specimens. When slightly magnified the arrangement of the tissues may be seen (Eig. 73,
E). WITHN THE EPDERVIS IS A MASS OF GROUND TISSUE OF FIRV, WOODY TEXTURE SURROUNDING THE CENTRAL OVAL OR OROULAR FIBRO-VASCULAR CYLNDER THS SHOWS
a number of white bars (xylem) surrounded by a more delicate tissue (phloem).

On magnifying the section more strongly, the cells of the ground tissue (G) are seen to be oval in outline, with thick striated walls and small intercellular spaces. Examined in
longitudinal sections they are long and pointed, belonging to the class of cells known as “fibres.”
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. 73.—A, a club moss (Lycopodium), x V. x, cone. r, root. B, a cone, x 1. C, single scale with sporangium (sp.). D, spores: i, from abowe; ii, from below, x 325. E, cross section of stem, x 8.
f.b. fibro-vascular bundle. F, portion of the fibro-vascular bundle, x 150. G, cells of the ground tissue, x 150.

The xylem (F, xy.) of the fibro-vascular bundle is composed of tracheids, much like those of the ferns; the phloem is composed of narrow cells, pretty much all alike.

The spores (D) are destitute of chlorophyil and have upon the outside a network of ridges, except on one side where three straight lines converge, the spore being slightly flattened
between them.



Amost nothing is known of the prothallia of our native species.

THE SECOND ORDRR ( Ligulatae) 1s REFRESENTED BY TWO VERY DISTINCT FAMLIES. THE SMALLER CLUB MOSSES ( Selaginelleae) AND THE QULL-WORTS
(Isoetese). OF THE FORVER THE MAJORITY ARE TROPICAL, BUT ARE COMMON IN GREENHOUSES WHERE THEY ARE PRZED FOR THER DELICATE MOSS-LIKE FOLIAGE

(Fig. 74, A).

.74 —A, one of the smaller club mosses (Selaginella). sp. spore-bearing branch, x 2. B, part of a stem, sending down naked rooting branches (r), % 1. C, longitudinal section of a spike,
with a single macrosporangium at the base; the others, microsporangia, x 3. D, a scale and microsporangium, x 5. E, young microsporangium, x 150. The shaded cells are the spore
mother cells. F, a young macrospore, x 150. G, section of the stem, x 50. H, a single fibro-vascular bundle, x 150. /, vertical section of the female prothallium of Selaginella, x 50. ar.
archegonium. J, section of an open archegonium, x 300. o, the egg cell. K, microspore, with the contained male prothallium, x 300. x, vegetative cell. sp. sperm cells. L, young plant, with
the attached macrospore, x 6. r, the first root. /, the first leaves.

THE LEAVES IN MOST SPECES ARE LIKE THOSE OF THE LARGER CLUB MOSSES, BUT MORE DELICATE. THEY ARE ARRANGED IN FOUR ROWS ON THE UPPER SIDE OF THE
STEM, TWO BENG LARGER THAN THE OTHERS. T HE SMALLER BRANCHES GROW OUT SIDEWAYS SO THAT THE WHOLE BRANCH APFEARS FLATTENED, REMINDING ONE OF THE
HABIT OF THE HGHER LIVERWORTS. S PECAL LEAFLESS BRANCHES ( B, f') OFTEN GROW DOVWNWARD FROM THE LOWER SIDE OF THE MAIN BRANCHES, AND ON TOUCHNG THE
ground develop roots which fork regularly.

THE SPORANGIA ARE MUCH LIKE THOSE OF THE GROUND PINES, AND PRODUCED SINGLY AT THE BASES OF SCALE LEAVES ARRANGED IN A SPKE OR CX]\E( A, Sp.),
BUT TWO KINDS OF SPORES, LARGE AND SMALL, ARE FORVED. IN THE SPECIES FIGURED THE LOWER SPORANGIUM PRODUCES FOUR LARGE SPORES (IVACR(BP(}'\’ES), THE
others, numerous small spores (microspores).

E VEN BEFORE THE SPORES ARE RFE THE DEVELORPVENT OF THE PROTHALLIUM BEGINS, AND THS IS SIGNIFICANT, AS IT SHOWS AN UNDOUBTED RELATIONSHP
between these plants and the lowest of the seed plants, as we shall see when we study that group.

If ripe spores can be obtained by sowing them upon moist earth, the young plants will appear in about a month. The microspore (Fig. 74, K) produces a prothallium not unlike that of
some of the water ferns, there being a single vegetative cell (x), and the rest of the prothallium forming a single antheridium. The spermatozoids are excessively small, and resemble
those of the bryophytes.

The macrospore divides into two cells, a large lower one, and a smaller upper one. The latter gives rise to a flat disc of cells producing a number of small archegonia of simple
structure (Fig. 74, 1, J). The lower cell produces later a tissue that serves to nourish the young embryo.

The development of the embryo recalls in some particulars that of the seed plants, and this in connection with the peculiarities of the sporangia warrants us in regarding the
Ligulatee as the highest of existing pteridophytes, and to a certain extent connecting them with the lowest of the spermaphytes.

Resembling the smaller club mosses in their development, but differing in some important points, are the quill-worts (/soetese). THEY ARE MOSTLY
AQUATIC FORMS, GROMNG PARTIALLY OR COVFLETELY SUBMERGED, AND LOOK LIKE GRASSES OR RUSHES. THEY VARY FROM A FEW CENTIVETRES TO HALF A METRE IN
HEGHT. THE STEM IS VERY SHORT, AND THE LONG CYLINDRCAL LEAVES CLOSELY CROWDED TOGETHER THE LEAVES WHCH ARE NARROW ABOVE ARE WIDELY EXPANDED
AND OVERLAPPING AT THE BASE. THE SPORES ARE OF TWO KINDS, AS N Selaginella, BUT THE MACROSFORANGIA CONTAIN NUVEROUS MACROSFORES. THE VERY
LARGE SFORANGIA ( M, Sp.) ARE IN CAVITIES AT THE BASES OF THE LEAVES, AND ABOVE EACH SPORANGIUM IS A LITTLE POINTED OUTGROWTH (LIGULA), WHCH IS ALSO
FOUND IN THE LEAVES OF  Selaginella. THE QULL-WORTS ARE NOT COMMON FLANTS, AND OWING TO THER HABITS OF GROWTH AND RESEVBLANCE TO OTHER PLANTS, ARE
likely to be overlooked unless careful search is made.



CHAPTER XIV.
SUB-KINGDOM V1.
Spermaphytes: Phanogams.

THE LAST AND HGHEST GREAT DVISION OF THE VEGETABLE KINGDOM HAS BEEN NAVED Spermaphyta, “SED ALANTS,” FROM THE FACT THAT THE STRUCTURES
KNOAN AS SEEDS ARE FECLLIAR TO THEM. THEY ARE ALSO COMMONLY CALLED FLOAERNG FLANTS, THOUGH THS NANE MGHT BE ALSO APFROFRATELY GVEN TO
certain of the higher pteridophytes.

IN THE SEED ALANTS THE MACROSFORANGIA REMAIN ATTACHED TO THE PARENT FLANT, IN NEARLY ALL CASES, UNTL THE ARCHEGONA ARE FERTLIZED AND THE
embryo plant formed. The outer walls of the sporangium now become hard, and the whole falls off as a seed.

IN THE HGHER SPERVAPHYTES THE SPORE-BEARNG LFAVES (SPOROPHYLLS) BECOVE MUCH MODIFIED, AND RECEVE SPECIAL NANES, THOSE BEARNG THE
MOROSPORES BEING COMMONLY KNOWN AS STAMENS; THOSE BEARNG THE MACROSPORES, CARPELS OR CARPOPHYLLS. THE MACROSPORANGIA ARE ALSO ORDINARLY
known as “owvules,” a name given before it was known that these were the same as the macrosporangia of the higher pteridophytes.

IN ADDITION TO THE SPORE-BEARNG LEAVES, THOSE SURROUNDING THEM MAY BE MUCH CHANGED IN FORM AND BRLLIANTLY OOLORED, FORMNG, WITH THE
enclosed sporophylls, the “flower” of the higher spermaphytes.

AS MGHT BE BEXPECTED, THE TISSUES OF THE HGHER SFERVAPHYTES ARE THE MOST HGHY DEVELOPED OF ALL PLANTS, THOUGH SOVE OF THEM ARE VERY
SIMPLE. THE PLANTS VARY EXTREVELY IN SIZE, THE SVALLEST BENG LITTLE FLOATING PLANTS, LESS THAN A MLLIVETRE IN DANVETER, WHLE OTHERS ARE GIGANTIC TREES, A
hundred metres and more in height.

THERE ARE TWO CLASSES OF THE SPERVAPHYTES: |., THE GYMNOSPERVS, OR NAKED-SEEDED ONES, IN WHCH THE OVULES (MACROSFORANGIA) ARE BORNE
upon open carpophylls; and Il., Angiosperms, covered-seeded plants, in which the carpophylls form a closed cavity (ovary) containing the ovules.

Cass |.—GymNosPERVS (Gymnospermae).

THE MOST FAMLIAR OF THESE FLANTS ARE THE COMMON EVERGREEN TREES (OONIFERS), PINES, SPRUCES, CEDARS, ETC. A CAREFUL STUDY OF ONE OF THESE WILL
give a good idea of the most important characteristics of the class, and one of the best for this purpose is the Scotch pine (Pinus sylvestris), WHcH,
THOUGH A NATIVE OF E UROFE, IS NOT INFREQUENTLY MET WITH IN CULTIVATION IN AMERCA. IF THS SPECIES CANNOT BE HAD BY THE STUDENT, OTHER PINES, OR INDEED
ALMOST ANY OTHER CONFER, WILL ANSWER THE S OOTCH PINE IS A TREE OF MODERATE SIZE, SYMVETRICAL IN GROWTH WHEN YOUNG, WITH A CENTRAL MAIN SHAFT, AND
ORCLES OF BRANCHES AT REGULAR INTERVALS; BUT AS IT GROWS OLDER ITS GROWTH BECOVES IRREGULAR, AND THE CRON IS DIVIDED INTO SEVERAL MAIN BRANCHES. na
THE TRUNK AND BRANCHES ARE COVERED WITH A ROUGH, SCALY BARK OF A REDDISH BROWN COLOR, WHERE T IS EXPOSED BY THE SCALING OFF OF THE OUTER LAYERS.
C OVERNG THE YOUNGER BRANCHES, BUT BECOMNG THNNER ON THE OLDER ONES, ARE NUVEROUS NEEDLE-SHAPED LEAVES. THESE ARE IN PAIRS, AND THE BASE OF
EACH PAR IS SURROUNDED BY SEVERAL DRY, BLACKISH SCALES. E ACH PAR OF LEAVES IS REALLY ATTACHED TO A VERY SHORT SIDE BRANCH, BUT THS IS SO SHORT AS TO
MAKE THE LEAVES APPEAR TO GROW DIRECTLY FROM THE MAIN BRANCH. E ACH LEAF IS ABOUT TEN CENTIVETRES IN LENGTH AND TWO MLLIVETRES BROAD. W HERE THE
LEAVES ARE IN CONTACT THEY ARE FLATTENED, BUT THE OUTER SICE IS ROUNDED, SO THAT A CROSS-SECTION IS NEARLY SEMORCULAR IN OUTLINE. W/ITH A LENS IT IS SEEN
THAT THERE ARE FIVE LONGITUDINAL LINES UPON THE SURFACE OF THE LEAF, AND CAREFUL EXAMNATION SHOWS ROWS OF SMALL DOTS CORRESPONDING TO THESE. THESE
DOTS ARE THE BREATHING FORES. |F A OROSS-SECTION IS EVEN SLIGHTLY MAGNIFIED IT SHOAS THREE DISTINCT PARTS,—A WHTISH OUTER BORDER, A BRGHT GREEN ZONE,
AND A CENTRAL OVAL, COLORLESS AREA, IN WHCH, WITH A LITTLE CARE, MAY BE SEEN THE SECTIONS OF TWO FIBRO-VASCULAR BUNDLES. IN THE GREEN ZONE ARE
sometimes to be seen colorless spots, sections of resin ducts, containing the resin so characteristic of the tissues of the conifers.

THE GENERAL STRUCTURE OF THE STEM MAY BE UNDERSTOOD BY MAKING A SERES OF CROSS-SECTIONS THROUGH BRANCHES OF DIFFERENT AGES. IN ALL, THREE
REGIONS ARE DISTINGUSHABLE, VIZ., AN OUTER REGION (BARK OR CORTEX) ( Fig. 76, A, ¢), COMPOSED IN PART OF GREEN CELLS, AND, IF THE SECTION HAS BEEN MADE
WITH A SHARP KNIFE, SHOWING A CIROLE OF LITTLE OPENINGS, FROM EACH OF WHICH OOZES A CLEAR DROP OF RESIN. THESE ARE LARGE RESIN DUCTS ( ). THE CNTRE IS
OCCUPED BY A SOFT WHITE TISSUE (PITH), AND THE SPACE BETWEEN THE PITH AND BARK IS FILLED BY A MASS OF WOODY TISSUE. TRAVERSING THE WOOD ARE
NUVEROUS RADIATING LINES, SOVE OF WHCH RUN FROM THE BARK TO THE FITH, OTHERS ONLY PART WAY. THESE ARE CALLED THE MEDULLARY RAYS. WHLE IN SECTIONS
FROM BRANCHES OF ANY AGE THESE THREE REGIONS ARE REOOGNIZABLE, THER RELATIVE SIZE VARES EXTREVELY. IN A SECTION OF A TWIG OF THE PRESENT YEAR THE
BARK AND PITH MAKE LP A CONSIDERABLE PART OF THE SECTION; BUT AS OLDER BRANCHES ARE EXAMNED, WE FIND A RAPD INCREASE IN THE QUANTITY OF WOOD,
WHLE THE THCKNESS OF THE BARK INCREASES BUT SLOWLY, AND THE PITH SCARCELY AT ALL. IN THE WOOD, TOO, EACH YEAR'S GROWTH IS MARKED BY A DISTINCT RNG ( Al
). As the branches grow in diameter the outer bark becomes split and irregular, and portions die, becoming brown and hard.

THE TREE HAS A VERY PERFECT ROOT SYSTEV, BUT DIFFERENT FROM THAT OF ANY PTERDOPHYTES. THE FIRST ROOT OF THE EMBRYO PERSISTS AS THE MAN OR “TAP’
root of the full-grown tree, and from it branch off the secondary roots, which in turn give rise to others.

THE SPORANGIA ARE BORNE ON SPECIAL SCALE-LIKE LEAVES, AND ARRANGED VERY MUCH AS IN CERTAIN PTERDOPHYTES, NOTABLY THE CLUB MOSSES; BUT
INSTEAD OF LARGE AND SMALL SPORES BEING FRODUCED NEAR TOGETHER, THE TWO KINDS ARE BORNE ON SPECIAL BRANCHES, OR EVEN ON DISTINCT TREES ( e.g. RD
CEAR). IN THE SOOTCH PINE THE MCOROSPORES ARE RIPE ABOUT THE END OF MAY. THE LEAVES BEARNG THEM ARE AGGREGATED IN SMALL CONES (“FLOWERS”),
OROWDED ABOUT THE BASE OF A GROMNG SHOOT TERMINATING THE BRANCHES ( Fig. 77, A &). THE NDVIDUAL LEAVES (SFOROPHYLLS) ARE NEARLY TRANGULAR IN
SHAPE, AND ATTACHED BY THE SVALLER BEND. ON THE LOWER SIDE OF EACH ARE BORNE TWO SPORANGA (POLLEN SACS) ( C, Sp.), OPENNG BY A LONGITUDINAL SLIT,
and filled with innumerable yellow microspores (pollen spores), which fall out as a shower of yellow dust if the branch is shaken.

THE MACROSPORANGIA (OVULES) ARE BORNE ON SIMLAR LEAVES, KNOWN AS CARFELS, AND, LIKE THE POLLEN SACS, BORNE IN PAIRS, BUT ON THE UPPER SIDE OF
THE SPOROPHYLL INSTEAD OF THE LOWER THE FEMALE FLOWERS APPEAR WHEN THE POLLEN IS RPE. THE LEAVES OF WHCH THEY ARE COMPOSED ARE THCKER THAN

THOSE OF THE MALE FLOWERS, AND OF A PNKISH COLOR. AT THE BASE ON THE UPFER SIDE ARE BORNE THE TWO OVULES (MACROSFORANGIA) ( Fig. 77, E, 0), AND
running through the centre is a ridge that ends in a little spine or point.

THE OVULE-BEARNG LEAF HAS ON THE BACK A SCALE WITH FRINGED EDGE ( F, scC.), QUTE CONSPICUOUS WHEN THE FLOAER IS YOUNG, BUT SCARCELY TO BE
DETECTED IN THE OLDER CONE. F ROM THE FEVALE FLOWER IS DEVELOPED THE CORE ( Fig. 75, A), BUT THEFROCESS ISA  SLOW ONE, OCOUPYING TWO YEARS. SHORILY

AFTER THE POLLEN IS SHED, THE FEVALE FLOWERS, WHCH ARE AT FIRST UPRIGHT, BEND DOAWNWARD, AND ASSUVE A BROWNISH OOLOR, GROWING OONSIDERABLY IN SIZE
for a short time, and then ceasing to grow for several months.



. 75.—Scotch pine (Pinus sylvestris). A, a ripe cone, x 2. B, a year-old cone, x 1. C, longitudinal section of B. D, a single scale of B, showing the sporangia (owles) (0), x 2. E, a scale from
aripe cone, with the seeds (s), x /2 F, longitudinal section of a ripe seed, x 3. em. the embryo. G, a germinating seed, x 2. r, the primary root. H, longitudinal section through G, showing
the first leaves of the young plant still surrounded by the endosperm, x 4. /, an older plant with the leaves (/) withdrawing from the seed coats, x 4. J, upper part of a young plant, showing
the circle of primary leaves (cotyledons), x 1. K, section of the same, x 2. b, the terminal bud. L, cross-section of the stem of the young plant, x 25. fb. a fibro-vascular bundle. M, cross-
section of the root, x 25. x, wood. ph. bast, of the fibro-vascular bundle.

In Figure 75, B, IS SHOWN SUCH A FLOWER AS IT AFFEARS IN THE WINTER AND EARLY SFRNG FOLLOMNG. THE LEAVES ARE THCK AND FLESHY, CLOSELY PRESSED
together, as is seen by dividing the flower lengthwise, and each leaf ends in a long point (D). The ovules are still very small. As the growth of the tree
iS RESUMED IN THE SPRNG, THE FLOWER (OONE) INCREASES RAPDLY IN SIZE AND BECOVES DECIDEDLY GREEN IN COLOR, THE OVULES INCREASING ALSO VERY MUCH IN
SIZE. IF A SCALE FROM SUCH A CONE IS EXAMNED ABOUT THE FIRST OF JUNE, THE OVULES WILL FROBABLY BE NEARLY FULL-GROWN, OVAL, WHITISH BODES TWO TO THREE
MLLIVETRES IN LENGTH A CAREFUL LONGITUDINAL SECTION OF THE SCALE THROUGH THE OVULE WILL SHOW THE GENERAL STRUCTURE SUCH A SECTION IS SHOWN IN
Figure 77, G. COMPARNG THS WITH THE SFORANGIA OF THE PTERDOPHYTES, THE FIRST DIFFERENCE THAT STRKES US IS THE PRESENCE OF AN OUTER COAT OR
integument (in.), which is absent in the latter. The single macrospore (Sp.) IS VERY LARGE AND DOES NOT LIE FREE IN THE CAVITY OF THE SPORANGIUM, BUT IS IN
OLOSE CONTACT WITH ITS WALL. [T IS FILLED WITH A COLORLESS TISSUE, THE PROTHALLIUM, AND IF MATURE, WITH CARE IT IS POSSBLE TO SEE, EVEN WITH A HAND LENS, TWO
OR MORE DENSER OVAL BODES ( ar.), THE BGG CELLS OF THE ARCHEGONIA, WHCH HERE ARE VERY LARGE. THE INTEGUVENT IS NOT ENTIRELY CLOSED AT THE TOP, BUT
leaves a little opening through which the pollen spores entered when the flower was first formed.

AFTER THE ARCHEGONA ARE FERTILIZED THE OUTER PARTS OF THE OVULE BECOME HARD AND BROWN, AND SERVE TO FROTECT THE BVBRYO ALANT, WHCH REACHES A
OONSIDERABLE SIZE BEFORE THE SFORANGIUM FALLS OFF. AS THE WALLS OF THE OVULE HARDEN, THE CARPEL OR LEAF BEARNG IT UNDERGOES A SIMLAR CHANGE,
BEOOMNG EXTREVELY HARD AND WOODY, AND AS EACH ONE ENDS IN A SHARP SPINE, AND THEY ARE TIGHTLY PACKED TOGETHER, IT IS ALMOST IMPOSSIBLE TO
SEPARATE THEM. THE RIPE CONE ( Fig. 75, A) RBVAINS CLOSED DURNG THE WINTER, BUT IN THE SFRING, ABOUT THE TIVE THE FLOWERS ARE MATURE, THE SCALES
open spontaneously and discharge the ripened ovules, now called seeds. Each seed (E, S) IS SURROUNDED BY A MEVBRANOUS BNVELOFE DERVED FROM
THE SCALE TO WHICH IT IS ATTACHED, WHCH BEOOVES EASLLY SEPARATED FROM THE SEED. THE OPENING OF THE CONES IS CAUSED BY DRYING, AND IF A NUVBER OF
RPFE CONES ARE GATHERED IN THE WINTER OR EARLY SPRNG, AND ALLOWED TO DRY IN AN ORDINARY ROOM, THEY WILL N A DAY OR TWO OFEN, OFTEN WITH A SHARP,
crackling sound, and scatter the ripe seeds.

A SECTON OF ARFESED ( F) SHOWS THEBVBRYO ( €rm.) SURROUNDED BY A DENSE, WHITE, STARCH-BEARNG TISSUE DERVED FROM THE FROTHALLIUM CELLS,

AND CALLED THE “BNDOSPERM” THS FILLS UP THE WHOLE SEED WHICH IS SURROUNDED BY THE HARDENED SHELL DERVED FROM THE INTEGUVENT AND WALL OF THE
OVULE THE BVBRYO IS ELONGATED WITH A OROLE OF SVALL LEAVES AT THE END AWAY FROM THE OPENING OF THE OVULE TOWARD WHCH IS DIRECTED THE ROOT OF THE
embryo.

THE SEED MAY REVAIN UNCHANGED FOR MONTHS, OR EVEN YEARS, WITHOUT LOSING ITS VITALITY, BUT IF THE PROPER CONDITIONS ARE FROVIDED, THE BVBRYO WILL
DEVELOP INTO A NBW FLANT. TO FOLLOW THE FURTHER GROWTH OF THE BVBRYO, THE RIFE SEEDS SHOULD BE FLANTED IN GOOD SOIL AND KEPT MODERATELY WARM AND
MOIST. AT THE END OF A WEEK OR TWO SOME OF THE SEEDS WILL FROBABLY HAVE SPROUTED. THE SEED ABSORBS WATER, AND THE PROTOPLASM OF THE BMBRYO
RENEWS TS ACTIVITY, BEGINNING TO FEED UPON THE NOURISHING SUBSTANCES IN THE CELLS OF THE ENDOSPERM. THE EVBRYO RAPDLY INCREASES IN LENGTH, AND THE
ROOT PUSHES OUT OF THE SEED GROWING RAPIDLY DOWNWARD AND FASTENING ITSELF IN THE SOLL ( G, ). CUTTING THE SEED LENGTHWISE WE FIND THAT THE LEAVES HAVE
INCREASED MUCH IN LENGTH AND BECOVE GREEN (ONE OF THE FEW CASES WHERE OHLOROPHYLL IS FORVED IN THE ABSENCE OF LIGHT). AS THESE LEAVES (CALLED
“OOTYLEDONS” OR SEED LEAVES) INCREASE IN LENGTH, THEY GRADUALLY WITHDRAW FROM THE SEED WHOSE OONTENTS THEY HAVE EXHAUSTED, AND THE YOUNG ALANT
enters upon an independent existence.

THE YOUNG ALANT HAS A ORCLE OF LEAVES, ABOUT SIX IN NUVBER, SURROUNDING A BUD WHICH IS THE GROWING POINT OF THE STEM, AND IN MANY OONIFERS
PERSISTS AS LONG AS THESTEMGROWS ( Fig. 75, K, b). A OROSS-SECTION OF THE YOUNG STEM SHOWS ABOUT SIX SEPARATE FIBRO-VASCULAR BUNDLES ARRANGED IN
A CRCLE (S, f.). THE ROOT SHOWS A CENTRAL FIBRO-VASCULAR CYLINDER SURROUNDED BY A DARK-OOLORED GROUND TISSLE GROWING FROM TS SURFACE ARE
numerous root hairs (Fig. 75, M).

For examining the microscopic structure of the pine, fresh material is for most purposes to be preferred, but alcoholic material will answer, and as the alcohol hardens the resin, itis
for that reason preferable.

Cross-sections of the leaf, when sufficiently magnified, show that the outer colorless border of the section is composed of two parts: the epidermis of a single row of regular cells
with very thick outer walls, and irregular groups of cells lying below them. These latter have thick walls appearing silvery and clearer than the epidermal cells. They vary a good deal, in



some leaves being reduced to a single row, in others forming very conspicuous groups of some size. The green tissue of the leaf is much more compact than in the fern we examined,
and the cells are more nearly round and the intercellular spaces smaller. The chloroplasts are numerous and nearly round in shape.

Scattered through the green tissue are several resin passages (r), each surrounded by a circle of colorless, thick-walled cells, like those under the epidermis. At intervals in the latter
are openings—breathing pores—(Fig. 76, J), below each of which is an intercellular space (/). They are in structure like those of the ferns, but the walls of the guard cells are much
thickened like the other epidermal cells.

Each leaf is traversed by two fibro-vascular bundles of entirely different structure from those of the ferns. Each is divided into two nearly equal parts, the wood (x) lying toward the
inner, flat side of the leaf, the bast (T) toward the outer, convexside. This type of bundle, called “collateral,” is the common form found in the stems and leaves of seed plants. The cells of
the wood or xylem are rather larger than those of the bast or phloem, and have thicker walls than any of the phloem cells, except the outermost ones which are thick-walled fibres like
those under the epidermis. Lying between the bundles are comparatively large colorless cells, and surrounding the whole central area is a single line of cells that separates it sharply
from the surrounding green tissue.

In longitudinal sections, the cells, except of the mesophyll (green tissue) are much elongated. The mesophyll cells, however, are short and the intercellular spaces much more
evident than in the cross-section. The colorless cells have frequently rounded depressions or pits upon their walls, and in the fibro-vascular bundle the difference between the two
portions becomes more obvious. The wood is distinguished by the presence of vessels with close, spiral or ring-shaped thickenings, while in the phloem are found sieve tubes, not
unlike those in the ferns.

The fibro-vascular bundles of the stem of the seedling plant show a structure quite similar to that of the leaf, but very soon a difference is manifested. Between the two parts of the
bundle the cells continue to divide and add constantly to the size of the bundle, and at the same time the bundles become connected by a line of similar growing cells, so that very early
we find a ring of growing cells extending completely around the stem. As the cells in this ring increase in number, owing to their rapid division, those on the borders of the ring lose the
power of dividing, and gradually assume the character of the cells on which they border (Fig. 76, B, cam.). The growth on the inside of the ring is more rapid than on the outer border, and
the ring continues comparatively near the surface of the stem (Fig. 76, A, cam.). The spaces between the bundles do not increase materially in breadth, and as the bundles increase in
size become in comparison very small, appearing in older stems as mere lines between the solid masses of wood that make up the inner portion of the bundles. These are the primary
medullary rays, and connect the pith in the centre of the stem with the bark. Later, similar plates of cells are formed, often only a single cell thick, and appearing when seen in cross-
section as a single row of elongated cells (C, m).

As the stem increases in diameter the bundles become broader and broader toward the outside, and taper to a point toward the centre, appearing wedge-shaped, the inner ends
projecting into the pith. The outer limits of the bundles are not nearly so distinct, and itis not easy to tell when the phloem of the bundles ends and the ground tissue of the bark begins.

Acareful examination of a cross-section of the bark shows first, if taken from a branch not more than two or three years old, the epidermis composed of cells not unlike those of the
leaf, but whose walls are usually browner. Underneath are cells with brownish walls, and often more or less dry and dead. These cells give the brown color to the bark, and later both
epidermis and outer ground tissue become entirely dead and disappear. The bulk of the ground tissue is made up of rather large, loose cells, the outer ones containing a good deal of
chlorophyll. Here and there are large resin ducts (Fig. 76, H), appearing in cross-section as oval openings surrounded by several concentric rows of cells, the innermost smaller and with
denser contents. These secrete the resin that fills the duct and oozes out when the stem is cut. Al of the cells of the bark contain more or less starch.

The phloem, when strongly magnified, is seen to be made up of cells arranged in nearly regular radiating rows. Their walls are not very thick and the cells are usually somewhat
flattened in a radial direction.

Some of the cells are larger than the others, and these are found to be, when examined in longitudinal section, sieve tubes (Fig. 76, E) with numerous lateral sieve plates quite
similar to those found in the stems of ferns.



. 76.—Scotch pine. A, cross-section of a two-year-old branch, x 3. p, pith. ¢, bark. The radiating lines are medullary rays. r, resin ducts. B, part of the same, x 150. cam. cambium cells. x,
tracheids. C, cross-section of a two-year-old branch at the point where the two growth rings join: /, the cells of the first year's growth; //, those of the second year. m, a medullary ray,
x 150. D, longitudinal section of a branch, showing the form of the tracheids and the bordered pits upon their walls. m, medullaryray, x 150. E, part of a sieve tube, x 300. F, cross-section
of a tracheid passing through two of the pits in the wall (p), x 300. G, longitudinal section of a branch, at right angles to the medullary rays (m). A y, the section has passed through the
wall of a tracheid, bearing a row of pits, x 150. H, cross-section of a resin duct, x 150. /, cross-section of a leaf, x 20. . fibro-vascular bundle. r, resin duct. J, section of a breathing pore,
x 150. j, the air space below it.

The growing tissue (cambium), separating the phloem from the wood, is made up of cells quite like those of the phloem, into which they insensibly merge, except that their walls are
much thinner, as is always the case with rapidly growing cells. These cells (B, cam.) are arranged in radial rows and divide, mainly by walls, at right angles to the radii of the stem. If we
examine the inner side of the ring, the change the cells undergo is more marked. They become of nearly equal diameter in all directions, and the walls become woody, showing at the
same time distinct stratification (B, x).

On examining the xylem, where two growth rings are in contact, the reason of the sharply marked line seen when the stem is examined with the naked eye is obvious. On the inner
side of this line (/), the wood cells are comparatively small and much flattened, while the walls are quite as heawy as those of the much larger cells (//) lying on the outer side of the line.
The small cells show the point where growth ceased at the end of the season, the cells becoming smaller as growth was feebler. The following year when growth commenced again,
the first wood cells formed by the cambium were much larger, as growth is most vigorous at this time, and the wood formed of these larger cells is softer and lighter colored than that
formed of the smaller cells of the autumn growth.

The wood is mainly composed of tracheids, there being no vessels formed except the first year. These tracheids are characterized by the presence of peculiar pits upon their walls,
best seen when thin longitudinal sections are made in a radial direction. These pits (Fig. 76, D, p) appear in this view as double circles, but if cut across, as often happens in a cross-
section of the stem, or in a longitudinal section at right angles to the radius (tangential), they are seen to be in shape something like an inverted saucer with a hole through the bottom.
They are formed in pairs, one on each side of the wall of adjacent tracheids, and are separated by a very delicate membrane (F, p, G, y). These “bordered” pits are very characteristic of
the wood of all conifers.

The structure of the root is best studied in the seedling plant, or in a rootlet of an older one. The general plan of the root is much like that of the pteridophytes. The fibro-vascular
bundle (Fig. 75, M, fb.) is of the so-called radial type, there being three xlem masses (x) alternating with as many phloem masses (ph.) in the root of the seedling. This regularity
becomes destroyed as the root grows older by the formation of a cambium ring, something like that in the stem.

The development of the sporangia is on the whole much like that of the club mosses, and will not be examined here in detail. The microspores (pollen spores) are formed in groups
of four in precisely the same way as the spores of the bryophytes and pteridophytes, and by collecting the male flowers as they begin to appear in the spring, and crushing the sporangia
in water, the process of division may be seen. For more careful examination they may be crushed in a mixture of water and acetic acid, to which is added a little gentian violet. This
mixture fixes and stains the nuclei of the spores, and veryinstructive preparations may thus be made [11]



x Y. B, a similar branch, with two young female flowers (), natural size. C, a scale from a
male flower, showing the two sporangia (sp.); x 5. D, a single ripe pollen spore (microspore), showing the vegetative cell (x), x 150. E, a similar scale, from a female flower of the
Austrian pine, seen from within, x 4. o, the sporangium (owule). F, the same, seen from the back, showing the scale (sc.) attached to the back. G, longitudinal section through a full-grown
owle of the Scotch pine. p, a pollen spore sending down its tube to the archegonia (ar.). sp. the prothallium (endosperm), filling up the embryo sac, x 10. H, the neck of the archegonium,
x 150.

The ripe pollen spores (Fig. 77, D) are oval cells provided with a double wall, the outer one giving rise to two peculiar bladder-like appendages (z). Like the microspores of the
smaller club mosses, a small cell is cut off from the body of the spore (x). These pollen spores are carried by the wind to the owules, where they germinate.

The wall of the ripe sporangium or pollen sac is composed of a single layer of cells in most places, and these cells are provided with thickened ridges which have to do with opening
the pollen sac.

We hawe already examined in some detail the structure of the macrosporangium or owule. In the full-grown owle the macrospore, which in the seed plants is generally known as the
“embryo sac,” is completely filled with the prothallium or “endosperm.” In the upper part of the prothallium several large archegonia are formed in much the same way as in the
pteridophytes. The egg cell is very large, and appears of a yellowish color, and filled with large drops that give it a peculiar aspect. There is a large nucleus, but it is not always readily
distinguished from the other contents of the egg cell. The neck of the archegonium is quite long, but does not project above the surface of the prothallium (Fig. 77, H).

THE POLLEN SPORES ARE PRODUCED IN GREAT NUVBERS, AND MANY OF THEM FALL UPON THE FEMALE FLOWERS, WHCH WHEN READY FOR POLLINATION HAVE THE
SCALES SOVEWHAT SEPARATED. THE POLLEN SPORES NOW SIFT DOWN TO THE BASE OF THE SCALES, AND FINALLY REACH THE OPENING OF THE OVULE, WHERE THEY
GERVMNATE. NO SPERVATOZOIDS ARE PRODUCED, THE SEED PLANTS DIFFERNG IN THS RESPECT FROM ALL PTERDOPHYTES. THE POLLEN SPORE BURSTS [TS OUTER COAT,

AND SENDS OUT A TUBE WHCH PENETRATES FOR SOME DISTANCE INTO THE TISSUE OF THE OVULE, ACTING VERY MUCH AS A PARASITIC FUNGUS WOULD DO, AND GROWING

AT THE EXPENSE OF THE TISSUE THROUGH WHCH IT GROWS. AFTER A TIVE GROWTH CEASES, AND IS NOT RESUVED UNTIL THE DEVELOPVENT OF THE FEVALE PROTHALLIUM

AND ARCHEGONA IS NEARLY OOVPLETE, WHCH DOES NOT OCCUR UNTIL MORE THAN A YEAR FROM THE TIVE THE POLLEN SPORE FIRST REACHES THE OVULE. FINALLY THE
POLLEN TUBE PENETRATES DOWN TO AND THROUGH THE OPEN NECK OF THE ARCHEGONIUM, UNTIL IT COMES IN OONTACT WITH THE EGG CELL. THESE STAGES CAN ONLY BE

SEEN BY CAREFUL SECTIONS THROUGH A NUVBER OF RFE OVULES, BUT THE TRACK OF THE POLLEN TUBE IS USUALLY EASY TO FOLLOW, AS THE CELLS ALONG IT ARE OFTEN
brown and apparently dead (Eig. 77, G).

Classification of the Gymnosperms.

THERE ARE THREE CLASSES OF THE GYMNOSPERVE: ., CYCADS ( Cycadeee); |l., coNFeRs ( Coniferee); lll., JONT FIRs (Gnetaceae). ALL OF THE GYMNOSPERVS
of the northern United States belong to the second order, but representatives of the others are found in the southern and southwestern states.

THE CYCADS ARE PALM-LIKE FORVS HAVING A SINGLE TRUNK CROANED BY A CIROLE OF COVPOUND LEAVES. SEVERAL SPECES ARE GROWN FOR ORNAVENT IN
conservatories, and a few species occur native in Florida, but otherwise do not occur within our limits.



. 78 llustrations of gymnosperms. A, fruiting leaf of a cycad (Cycas), with macrosporangia (owules) (ov.), x V4. B, leaf of Gingko, % 2. C, branch of hemlock (Tsuga), with a ripe cone, x 1.
D, red cedar (Juniperus), x 1. E, Arbor-vitee (Thuja), % 1.

THE SPORE-BEARNG LEAVES USUALLY FORM CONES, RECALLING SOVMBAHAT IN STRUCTURE THOSE OF THE HORSE-TALLS, BUT ONE OF THE COMMONEST CLLTIVATED
species (Cycas revoluta) bears the ovules, which are very large, upon leaves that are in shape much like the ordinary ones (Fig. 78, A).

OF THE CONIFERS, THERE ARE NUVEROUS FAMLIAR FORVS, INCLUDING ALL OUR COMMON EVERGREEN TREES. THERE ARE TWO SUB-ORDERS,— THE TRUE CONIFERS AND
THE YEWS. IN THE LATTER THERE IS NO TRUE  OONE, BUT THE OVULES ARE BORNE SINGLY AT THE END OF A BRANCH, AND THE SEED IN THE YEW ( Taxus) 1S SURROUNDED BY
A BRGHT RED, FLESHY INTEGUVENT. ONE SFECES OF YEW, A LOW, STRAGGLING SHRUB, OOCURS SPARNGLY IN THE NORTHERN STATES, AND IS THE ONLY REPRESENTATIVE OF
the group at the north. The European yew and the curious Japanese Gingko (Fig. 78, B) are sometimes met with in cultivation.

OF THE TRUE CONFERS, THERE ARE A NUVBER OF FAMLIES, BASED ON PECULIARITIES IN THE LEAVES AND CONES. S OVE HAVE NEEDLE-SHAPED LEAVES AND DRY
OONES LIKE THE FIRS, SPRUCES, HEMLOCK ( Fig. 78, C). OTHERS HAVE FLATTENED, SCALE-LIKE LEAVES, AND MORE OR LESS FLESHY CONES, LKE THE RED CEDAR
(Fig. 78, D) and Arbor-vitee (E).

A FEW OF THE CONIFERS, SUCH AS THE TAMARACK OR LARCH ( Larix) AND CYFRESS (- Taxodium), LOSE THER LEAVES IN THE AUTUVN, AND ARE NOT, THEREFORE,
properly “evergreen.”

THE CONIFERS INCLUDE SOVE OF THE MOST VALUABLE AS WELL AS THE LARGEST OF TREES. THER TIVBER, ESPECALLY THAT OF SOME OF THE PINES, IS PARTICULARLY
VALUABLE, AND THE RESIN OF SOVE OF THEM IS ALSO OF MUCH COMVERCAL IMPORTANCE. HERE BELONG THE GIANT RED-WOODS ( Sequoia) oF CALFORNA, THE
largest of all American trees.

THE JONT FIRS ARE COMPARATIVELY SMALL FLANTS, RARELY IF EVER REACHING THE DIVENSIONS OF TREES. THEY ARE FOUND IN VAROUS PARTS OF THE WORLD, BUT ARE
FEW IN NUVBER, AND NOT AT ALL LIKELY TO BE MET WITH BY THE ORDINARY STUDENT. THER FLOWERS ARE RATHER MORE HGHLY DIFFERENTIATED THAN THOSE OF THE OTHER
gymnosperms, and are said to show some approach in structure to those of the angiosperms.



CHAPTER XV.
SPERMAPHYTES.

CLass I|.—ANGIOSPERMS.

THE ANGIOSPERVS INCLUDE AN ENORMVOUS ASSEVBLAGE OF FLANTS, ALL THOSE ORDINARLY CALLED “FLOMVERNG FLANTS’ BE.ONGING HERE. THERE IS ALMOST
INFINITE VARETY SHOWN IN THE FORM AND STRUCTURE OF THE TISSUES AND ORGANS, THS BENG PARTICULARLY THE CASE WITH THE FLOWERS. A'S ALREADY STATED, THE
OVULES, INSTEAD OF BENG BORNE ON OFEN CARFPELS, ARE ENCLOSED IN A CAVITY FORVED BY A SINGLE CLOSED CARFHEL OR SEVERAL UNITED CARPELS. TO THE ORGAN
SO FORVED THE NAME “BISTIL” IS USUALLY APFLIED, AND THS IS KNOWN AS “SIMALE” OR “COMPOUND,” AS IT IS COMPOSED OF ONE OR OF TWO OR MORE CARFELS. THE
LEAVES BEARNG THE POLLEN SPORES ARE ALSO MUCH MODIFIED, AND FORM THE SO-CALLED “STAMENS.” IN ADDITION TO THE SPORE-BEARNG LEAVES THERE ARE
USUALLY OTHER MODIFIED LEAVES SURROUNDING THEM, THESE BENG OFTEN BRILLIANTLY OOLORED AND RENDERNG THE FLOWER VERY CONSPICUOUS. TO THESE LEAVES
SURROUNDING THE SPOROPHYLLS, THE GENERAL NAVE OF “PERANTH’ OR “PERIGONE” IS GIVEN. THE PERIGONE HAS A TWOFOLD PURFOSE, SERVING BOTH TO FROTECT THE
SPOROPHYLLS, AND, AT LEAST IN BRIGHT-COLORED FLOMVERS, TO ATTRACT INSECTS WHCH, AS WE SHALL SEE, ARE IMPORTANT AGENTS IN TRANSFERRING POLLEN FROM ONE
flower to another.

W HEN WE COMPARE THE BVBRYO SAC (MACROSPORE) OF THE ANGIOSPERVS WITH THAT OF THE GYMNOSFERVS A GREAT DIFFERENCE IS NOTICED, THERE BENG
MUCH MORE DIFFERENCE THAN BETWEEN THE LATTER AND THE HGHER PTERDOPHYTES. UNFORTUNATELY THERE ARE VERY FEW FLANTS WHERE THE STRUCTURE OF THE
embryo sac can be readily seen without very skilful manipulation.

synergidee (s), and the egg cell (0). In the centre is the “endosperm nucleus” (k). At the bottom, the “antipodal cells” (g).

There are, however, a few plants in which the owles are very small and transparent, so that they may be mounted whole and examined alive. The best plant for this purpose is
probably the “Indian pipe” or “ghost flower,” a curious plant growing in rich woods, blossoming in late summer. It is a parasite or saprophyte, and entirely destitute of chlorophyll, being
pure white throughout. It bears a single nodding flower at the summit of the stem. (Another species much like it, but having several brownish flowers, is shown in Figure 115, L.)

If this plant can be had, the structure of the owle and embryo sac may be easily studied, by simply stripping away the tissue bearing the numerous minute owles, and mounting a
few of them in water, or water to which a little sugar has been added.

The owles are attached to a stalk, and each consists of about two layers of colorless cells enclosing a central, large, oblong cell (Fig. 79, A, E), the embryo sac or macrospore. If the
owlle is from a flower that has been open for some time, we shall find in the centre of the embryo sac a large nucleus (k) (or possibly two which afterward unite into one), and at each end
three cells. Those at the base (g) probably represent the prothallium, and those at the upper end a very rudimentary archegonium, here generally called the “egg apparatus.”

Orf the three cells of the “egg apparatus” the lower (0) one is the egg cell; the others are called “synergidee.” The structure of the embryo sac and owles is quite constant among the
angiosperms, the differences being mainlyin the shape of the owles, and the degree to which its coverings or integuments are developed.

The pollen spores of many angiosperms will germinate very easily in a solution of common sugar in water: about fifteen per cent of sugar is the best. A very good plant for this
purpose is the sweet pea, whose pollen germinates very rapidly, especially in warm weather. The spores may be sown in a little of the sugar solution in any convenient vessel, or in a
hanging drop suspended in a moist chamber, as described for germinating the spores of the slime moulds. The tube begins to develop within a few minutes after the spores are placed
in the solution, and within an hour or so will have reached a considerable length. Each spore has two nuclei, but they are less evident here than in some other forms (Fig. 79).



.80.—Germinating pollen spores of the sweet pea, x 200.

THE UPPER PART OF THE BISTLL IS VARIOUSLY MODIFIED, HAVING BTHER LITTLE PARLL/E WHCH HOLD THE POLLEN SPORES, OR ARE VISCID. [N BTHER CASE THE SPORES
GERVINATE WHEN PLACED UPON THS RECEPTIVE PART (STIGMA) OF THE AISTIL, AND SEND THER TUBES DOWN THROUGH THE TISSUES OF THE RAISTIL UNTIL THEY REACH THE
ovules, which are fertilized much as in the gymnosperms.

THE EFFECT OF FERTILIZATION EXTENDS BEYOND THE OVULE, THE OVARY AND OFTEN OTHER PARTS OF THE FLOWER BEING AFFECTED, ENLARGING AND OFTEN BECOMNG
BRGHT-COLORED AND JUCY, FORMING THE VAROUS FRUITS OF THE ANGIOSPERVS. THESE FRUTS WHEN RFE MAY BE HTHER DRY, AS IN THE CASE OF GRAINS OF VAROUS
KINDS, BEANS, FEAS, ETC.; OR THE RFE FRUT MAY BE JUCY, SERVING IN THS WAY TO ATTRACT ANIVALS OF MANY KINDS WHCH FEED ON THE JUICY PULP, AND LEAVE THE
HARD SEEDS UNINJURED, THUS HELPING TO DISTRBUTE THEM. C OMMON EXAMPLES OF THESE FLESHY FRUTS ARE OFFERED BY THE BERRIES OF MANY FLANTS; APFRLES,
melons, cherries, etc., are also familiar examples.

The seeds differ a good deal both in regard to size and the degree to which the embryo is developed at the time the seed ripens.

C LASSIFICATION OF THE ANGIOSPERMIS.

The angiosperms are divided into two sub-classes: |. Monocotyledons and Il. Dicotyledons.

THE MONOOOTYLEDONS COMPRISE MANY FAMLIAR PLANTS, BOTH ORNAVENTAL AND USEFUL. THEY HAVE FOR THE MOST PART ELONGATED, SMOOTH-EDGED LEAVES
WITH PARALLEL VEINS, AND THE PARTS OF THE FLOWER ARE IN THREES IN THE MAJORITY OF THEM. A'S THER NAME INDICATES, THERE IS BUT ONE OOTYLEDON OR SEED LEAF,
and the leaves from the first are alternate. As a rule the embryo is very small and surrounded by abundant endosperm.

THE MOST THOROUGHLY TYPCAL MBVBERS OF THE SUB-CLASS ARE THE LILIES AND THER RELATIVES. THE ONE SELECTED FOR SPECIAL STUDY HERE, THE YELLOW
ADDER-TONGLE, 1S VERY COMMON IN THE SPRING; BUT IF NOT ACCESSIBLE, ALMOST ANY LILIACEOUS ALANT WILL ANSWER. OF GARDEN FLOWERS, THE TULIP, HYACINTH,
NARCISSUS, OR ONE OF THE COMMON LILIES MAY BE USED; OF WILD FLOWERS, THE VARIOUS SPECEES OF Trillium (Eig. 83, A) ARE COMMON AND EASLY STUDIED
forms, but the leaves are not of the type common to most monocotyledons.

THE YBLLOW ADDER-TONGLE ( Erythronium americanum) (Eig. 81) 1S ONE OF THE COMVONEST AND WIDESPREAD OF WILD FLOWERS, BLOSSOMNG IN THE
NORTHERN STATES FROM ABOUT THE MDDLE OF AFRL TILL THE MDDLE OF MAY. MOST OF THE ALANTS FOUND WILL NOT BE IN FLOAVER AND THESE SEND UP BUT A SINGLE,
OBLONG, FOINTED LEAF. THE FLOWERNG FLANT HAS TWO SIMLAR LEAVES, ONE OF WHICH IS USUALLY LARGER THAN THE OTHER THEY SEEM TO COME DIRECILY FROM THE
GROUND, BUT OLOSER EXAMNATION SHOWS THAT THEY ARE ATTACHED TO A STEM OF CONSIDERABLE LENGTH ENTIRELY BURED IN THE GROUND. THS ARISES FROM A SMALL
BUB (B) TO WHOSE BASE NUMEROUS ROOTS (1) ARE ATTACHED. RISING FROM BETWEEN THE LEAVES IS A SLENDER, LEAFLESS STALK BEARNG A SINGLE, NODDING
flower at the top.

THE LEAVES ARE PERFECTLY SMOOTH, DULL PURRLISHRED ON THE  LOWER SIDE, AND PALE GREEN WITH PURFLISH BLOTCHES ABOVE. THE EPDERMIS MAY BE VERY
easily removed, and is perfectly colorless. Examined closely, longitudinal rows of whitish spots may be detected: these are the breathing pores.



.81.—A, plant of the yellow adder-tongue (Erythronium americanum), x 4. B, the bulb of the same, x V% r, roots. C, section of B. st. the base of the stem bearing the bulb for next year (b) at
its base. D, a single petal and stamen, x %% f, the filament. an. anther. E, the gyncecium (pistil), x 1. 0, ovary. st. style. z, stigma. F, a full-grown fruit, x %2 G, section of a full-grown
macrosporangium (owle), x 25: i, ii, the two integuments. sp. macrospore (embryo sac). H, cross-section of the ripe anther, x 12. /, a single pollen spore, x 150, showing the two nuclei
(n, nY). J, aripe seed, x 2. K, the same, in longitudinal section. em. the embryo. L, cross-section of the stem, x 12. fb. fibro-vascular bundle. M, diagram of the flower.

A OROSS-SECTION OF THE STEM SHOWS NUVEROUS WHTISH AREAS SCATTERED THROUGH IT. THESE ARE THE FIBRO-VASCULAR BUNDLES WHCH IN THE
MONOCOTYLEDONS ARE OF A SIMALE TYPE. THE BULB IS COMPOSED OF THIOK SCALES, WHCH ARE MODIFIED LEAVES, AND ON CUTTING IT LENGTHWISE, WE SHALL
FROBABLY FIND THE YOUNG BULB OF NEXT YEAR (FIG.  C, b) ALREADY FORVING INSDE IT, THEYOUNG ~ BULB ARSING AS A BUD AT THE BASE OF THE STEM OF THE PRESENT
year.

THE FLOWER IS MADE UP OF FIVE CROLES OF VERY MUCH MODIFIED LEAVES, THREE LEAVES IN EACH SET. THE TWO OUTER CIRCLES ARE MUCH ALIKE, BUT THE THREE
OUTERVOST LEAVES ARE SLIGHTLY NARROWER AND STRONGLY TINGED WITH RED ON THE BACK, COMPLETELY CONCEALING THE THREE INNER ONES BEFORE THE FLOMER
EXPANDS. THE LATTER ARE PURE YELLOW, EXCEPT FOR A RDGE ALONG THE BACK, AND A FEW RED SPECKS NEAR THE BASE INSIDE. THESE SIX LEAVES CONSTITUTE THE
perigone of the flower; the three outer are called sepals, the inner ones petals.

THE NEXT TWO OROLES ARE COMPOSED OF THE SPFOROPHYLLS BEARNG THE POLLEN SFORES. [12] THESE ARE THE STAMENS, AND TAKEN COLLECTVELY ARE KNOAN
as the “Androecium.” E ACH LEAF OR STAMEN CONSISTS OF TWO DISTINCT FORTIONS, A DELICATE STALK OR “FILAMENT” ( D, 1), AND THE UFPER SPORE-BEARING PART, THE
“ANTHER’ (@n.). THE ANTHER IN THE FRESHLY OPENED FLOMVER HAS A SMOOTH, RED SURFACE, BUT SHORILY AFTER THE FLOWER OFENS, SPLITS ALONG EACH SIDE, AND
DISCHARGES THE POLLEN SPORES. A SECTION ACROSS THE ANTHER SHOWS [T TO BE COMPOSED OF FOUR SPORANGIA OR POLLEN SACS ATTACHED TO A COMVON CENTRAL
axis (“connective”) (Fig. H).

THE CENTRAL ORCLE OF LEAVES, THE CARPELS (COLLECTIVELY THE “GYNCECIUM’) ARE COMPLETELY UNITED TO FORM A COMPOUND PISTIL. ( Fig. 81, E). THs sHoas
THREE DISTINCT PORTIONS, THE OVULE-BEARNG FORTION BELOW ( 0), THE “OVARY,” A STALK ABOVE ( St.), THE “STYLE” AND THE RECEPTIVE FORTION (  Z) AT THE TOP, THE
“STIGVA.” B OTH STIGVA AND OVARY SHOW FLAINLY THER OOMPOUND NATURE, THE FORVER BENG DIVIDED INTO THREE LOBES, THE LATTER COMPLETELY DVIDED INTO
THREE CHANVBERS, AS WELL AS BEING FLATTENED AT THE SIDES WITH A MORE OR LESS DECIDED SEAM AT THE THREE ANGLES. THE OVULES, WHCH ARE QUITE LARGE, ARE
arranged in two rows in each chamber of the ovary, attached to the central column (“placenta”).

THE FLOWERS OPEN FOR SEVERAL DAYS IN SUCCESSION, BUT ONLY WHEN THE SUN IS SHNING. THEY ARE VISITED BY NUVEROUS INSECTS WHICH CARRY THE FOLLEN
FROM ONE FLOAER TO ANOTHER AND DEFOSIT IT UPON THE STIGVA, WHERE IT GERVINATES, AND THE TUBE, GROWING DOWN THROUGH THE LONG STYLE, FINALLY REACHES
THE OVULES AND FERTILIZES THEM. USUALLY ONLY A COMPARATIVELY SMALL NUVBER OF THE SEEDS MATURE, THERE BENG ALMOST ALWAYS A NUVBER OF IMPERFECT
ONES IN EACH FOD. THEFOD ORFRUT () IS FULL-GROWN ABOUT A MONTH AFTER THE FLOWER OFENS, AND FINALLY SEPARATES INTO THREE PARTS, AND DISCHARGES THE
SEEDS. THESEARE QUTELARGE (- Fig. 81, J) AND COVERED WITH A YELLOWISH BROAWN  OUTER OOAT, AND PROVIDED WITH A PECULIAR, WHTISH, SFONGY APPENDAGE
ATTACHNG IT TO THE FLACENTA. A LONGITUDINAL SECTION OF A RPE SEED ( K) SHOWS THE VERY SNVALL, NEARLY TRANGULAR BVBRYO ( €M.), WHLE THE REST OF THE CAVITY
of the seed is filled with a white, starch-bearing tissue, the endosperm.
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.82 —FErythronium. A, a portion of the wall of the anther, x 150. B, a single epidermal cell from the petal, x 150. C, cross-section of a fibro-vascular bundle of the stem, x 150. tr. vessels. D,

E, longitudinal section of the same, showing the markings of the vessels, x 150. F, a bit of the epidermis from the lower surface of a leaf, showing the breathing pores, x 50. G, a single
breathing pore, x 200. H, cross-section of a leaf, x 50. st. a breathing pore. m, the mesophyll. fb. a vein. /, cross-section of a breathing pore, x 200. J, young embryo, x 150.

Amicroscopical examination of the tissues of the plant shows them to be comparatively simple, this being especially the case with the fibro-vascular system.

The epidermis of the leaf is readily remowved, and examination shows it to be made up of oblong cells with large breathing pores in rows. The breathing pores are much larger than
any we have yet seen, and are of the type common to most angiosperms. The ordinary epidermal cells are quite destitute of chlorophyll, but the two cells (guard cells) enclosing the
breathing pore contain numerous chloroplasts, and the oblong nuclei of these cells are usually conspicuous (Fig. 82, G). By placing a piece of the leaf between pieces of pith, and
making a number of thin cross-sections at right angles to the longer axis of the leaf, some of the breathing pores will probably be cut across, and their structure may be then better
understood. Such a section is shown in Figure 82, /.

The body of the leaf is made up of chlorophyll-bearing cells of irregular shape and with large air spaces between (H, m). The weins traversing this tissue are fibro-vascular bundles of
a type structure similar to that of the stem, which will be described presently.

The stem is made up principally of large cells with thin walls, which in cross-section show numerous small, triangular, intercellular spaces (i) at the angles. These cells contain,
usually, more or less starch. The fibro-vascular bundles (C) are nearly triangular in section, and resemble considerably those of the field horse-tail, but they are not penetrated by the air
channel, found in the latter. The xylem, as in the pine, is toward the outside of the stem, but the boundary between xlem and phloem is not well defined, there being no cambium
present. In the xylem are a number of vessels (C, fr.) at once distinguishable from the other cells by their definite form, firm walls, and empty cavity. The vessels in longitudinal sections
show spiral and ringed thickenings. The rest of the xjlem cells, as well as those of the phloem, are not noticeably different from the cells of the ground tissue, except for their much
smaller size, and absence of intercellular spaces.

The structure of the leaves of the perigone is much like that of the green leaves, but the tissues are somewhat reduced. The epidermis of the outer side of the sepals has breathing
pores, but these are absent from their inner surface, and from both sides of the petals. The walls of the epidermal cells of the petals are peculiarly thickened by apparent infoldings of the
wall (B), and these cells, as well as those below them, contain small, yellow bodies (chromoplasts) to which the bright color of the flower is due. The red specks on the base of the
perigone leaves, as well as the red color of the back of the sepals, the stalk, and leaves are due to a purplish red cell sap filling the cells at these points.

The filaments or stalks of the stamens are made up of very delicate colorless cells, and the centre is traversed by a single fibro-vascular bundle, which is continued up through the
centre of the anther. To study the latter, thin cross-sections should be made and mounted in water. Each of the four sporangia, or pollen sacs, is surrounded on the outside by a wall,
consisting of two layers of cells, becoming thicker in the middle of the section where the single fibro-vascular bundle is seen (Fig. 81, H). On opening, the cavities of the adjacent
sporangia are thrown together. The inner cells of the wall are marked by thickened bars, much as we saw in the pine (Fig. 82, A), and which, like these, are formed shortly before the
pollen sacs open. The pollen spores (Fig. 81, /) are large, oval cells, having a double wall, the outer one somewhat heavier than the inner one, but sufficiently transparent to allow a clear
view of the interior, which is filled with very dense, granular protoplasm in which may be dimly seen two nuclei (n, ni.), showing that here also there is a division of the spore contents,
although no wall is present. The spores do not germinate very readily, and are less favorable for this purpose than those of some other monocotyledons. Among the best for this purpose
are the spiderwort (Tradescantia) and Scilla.

Owing to the large size and consequent opacity of the owles, as well as to the difficulty of getting the early stages, the development and finer structure of the owule will not be
discussed here. The full-grown owle may be readily sectioned, and a general idea of its structure obtained. Alitfle potash may be used to advantage in this study, carefully washing it
away when the section is sufficiently cleared. We find now that the owle is attached to a stalk (funiculus) (Fig. 81, G, f), the body of the owule being bent up so as to lie against the stalk.
Such an inverted owlle is called technically, “anatropous.” The owule is much enlarged where the stalk bends. The upper part of the owle is on the whole like that of the pine, but there are
two integuments (j, ii) instead of the single one found in the pine.

As the seed dewelops, the embryo sac (G, sp.) enlarges so as to occupy pretty much the whole space of the seed. At first it is nearly filled with a fluid, but a layer of cells is formed,
lining the walls, and this thickens until the whole space, except what is occupied by the small embryo, is filled with them. These are called the “endosperm cells,” but differ from the
endosperm cells of the gymnosperms, in the fact that they are not developed until after fertilization, and can hardly, therefore, be regarded as representing the prothallium of the
gymnosperms and pteridophytes. These cells finally form a firm tissue, whose cells are filled with starch that forms a reserve supply of food for the embryo plant when the seed
germinates. The embryo (Fig. 81, K, em., Fig. 82, J), even when the seed is ripe, remains very small, and shows scarcely any differentiation. Itis a small, pear-shaped mass of cells, the
smaller end directed toward the upper end of the embryo sac.

THE INTEGUVENTS GROW WITH THE BVBRYO SAC, AND BECOVE BROWN AND HARD, FORMNG THE SHELL OF THE SEED. THE STALK OF THE OVULE ALSO ENLARGES,
and finally forms the peculiar, spongy appendage of the seeds already noticed (Fig. 81, J, K).



CHAPTER XVI.
CLASSIFICATION OF THE MONOCOTYLEDONS.

IN THE FOLLOWING CHAPTER NO ATTEVPT WILL BE MADE TO GIVE AN EXHAUSTIVE ACCOUNT OF THE CHARACTERSTICS OF EACH DIVISION OF THE MONOCOTYLEDONS,
BUT ONLY SUCH OF THE MOST IMPORTANT ONES AS MAY SERVE TO SUFFLEVENT OUR STUDY OF THE SPECIAL ONE ALREADY EXAMNED. THE CLASSIFICATION HERE, AND
this is the case throughout the spermaphytes, is based mainly upon the characters of the flowers and fruits.
THE QLASSIFICATION ADOPTED HERE IS THAT OF THE GERVAN BOTANST E ICHLER, AND SERVS TO THE AUTHOR TO ACCORD BETTER WITH OUR PRESENT KNOWLEDGE OF
THE RELATIONSHPS OF THE GROUPS THAN DO THE SYSTEVS THAT ARE MORE GENERAL IN THS COUNTRY. A COORDING TO E ICHLER'S CLASSIFICATION, THE MONOCOTYLEDONS
may be divided into seven groups; viz., . Liliifloree; Il. Enantioblastee; . Spadiciflorae; V. Glumaceee; V. Scitaminege; V1. Gynandree; V. Helobiee.

Oroer |.—Liliifloree.

THE FLANTS OF THS GROUP AGREE IN THER GENERAL STRUCTURE WITH THE ADDER S-TONGUE, WHICH IS A THOROUGHLY TYRCAL REPRESENTATIVE OF THE GROUP, BUT
NEVERTHELESS, THERE IS MUCH VARATION AMONG THEM IN THE DETAILS OF STRUCTURE. W HLE MOST OF THEM ARE HERBACEOUS FORMS (DYING DOAN TO THE GROUND
EACH YEAR), A FEW, AMONG WHCH MAY BE MENTIONED THE YUCCAS (“BEAR GRASS,” “SPANSH BAYONET’) OF OUR SOUTHERN STATES, DEVELOP A CREEPNG OR
UPRGHT WOODY STEM, INCREASING IN SZE FROM YEAR TO YEAR THE HERBACEOUS FORMS SEND UP THER STEMVS YEARLY FROM UNDERGROUND BULBS, TUBERS,  €.4.
Trillium (Eig. 83, A), OR THOKENED, CREEPING STEMS, OR ROOT STOCKS (RHZOMES). GOOD EXAMALES OF THE LAST ARE THE S OLOMON S-SEAL ( Fig. 83, B),
Medeola (C, D), AND Rs ( Fig. 84 A). ONe FAMLY, THE YAMS ( Dioscoreae), OF WHCH WE HAVE ONE COMMON NATIVE SPECIES, THE WILD YAM ( Dioscorea
villosa), HAVE BROAD, NETTED-VENED LEAVES AND ARE TWINNG FLANTS, WHLE ANOTHER SOVMBAHAT SIMLAR FAMLY ( Smilaceae) cLIMB BY MEANS OF TENDRLS AT
the bases of the leaves. Of the latter the “cat-brier” or “green-brier” is a familiar representative.

.83 —Types of Liliiflorae. A, Trillium, x V4. B, single flower of Solomon’s-seal (Polygonatum), x 1. C, upper part of a plant. D, underground stem (rhizome) of Indian cucumber root
(Medeola), x 2. E, arush (Juncus), x 1. F, a single flower, x 2. A-D, Liliacese; E, Juncaceee.

THE FLOWERS ARE FOR THE MOST PART OONSPICUOUS, AND IN FLAN LIKE THAT OF THE ADDER S-TONGUE, BUT SOME, LIKE THE RUSHES ( Fig. 83, E), HAVE SMALL,
inconspicuous flowers; and others, like the yams and smilaxes, have flowers of two kinds, male and female.
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.84 —Types of Liliifloree. A, flower of the common blue-flag (/ris), x 2 (Iridaceae). B, the petal-like upper part of the pistil, seen from below, and showing a stamen (an.). st. the stigma, x /2.
C, the young fruit, x 2 D, section of the same, x 1. E, diagram of the flower. F, part of a plant of the so-called “gray moss” (Tillandsia), % /2 (Bromeliaceze). G, a single flower, x 2. H, a
seed, showing the fine hairs attached to it, x 1./, plant of pickerel-weed (Pontederia), x /s (Pontederiaceze). J, a single flower, x 1. K| section of the ovary, x 4.

THE PRNCPAL FAMLY OF THE  Liliifloree 1s THE Liliaceae, INOLUDING SOME OF THE MOST BEAUTIFUL OF ALL FLOWERS. ALL OF THE TRIELILES ( Lilium), AS WELL AS
THE DAY LILES ( Funkia, Hemerocallis) OF THE GARDENS, TULIPS, HYACONTHS, LILY-OF-THE-VALLEY, ETC., BELONG HERE, AS WELL AS A NUVBER OF SHOWY WILD FLOWERS
INCLUDNG SEVERAL SPECES OF TIGER-LLES ( Lilium), vAROUs sFECES OF  Trillium (Fig. 83, A), SoLovoNs-seAL ( Polygonatum) (Fig. 83, B), BELLWORT
(Uvularia), AND OTHERS. IN ALL OF THESE, EXCEPT  Trillium, THE PERGONE LEAVES ARE COLORED ALIKE, AND THE LEAVES PARALLE -VENED; BUT IN THE LATTER THE
SEPALS ARE GREEN AND THE LEAVES BROAD AND NETTED-VENED. THE FRUT OF THE Liliaceae MAY BE HTHER A FOD, LIKE THAT OF THE ADDER S-TONGUE, OR A BERRY,
like that of asparagus or Solomon’s-seal.

Fig. 85.—Enantioblastae. A, inflorescence of the common spiderwort ( Tradescantia), % /2 (Commelyneae). B, a single stamen, showing the hairs attached to the filament, x 2. C, the pistil,
x2.

D IFFERNG FROM THE TRUE LILIES IN HAVING THE BASES OF THE PERGONE LFAVES ADHERENT TO THE SURFACE OF THE OVARY, SO THAT THE LATTER IS AFPARENTLY

BELOW THE FLOWER (INFERIOR), AND LACKING THE INNER CIRCLE OF STAMENS, IS THE IRIS FAMLY ( Iridaceae), REPRESENTED BY THE WILD BLUE-RLAG ( Iris versicolorn)
(Fig. 84, A, E), AS WELL AS BY NUVEROUS CULTIVATED SFECES. IN IRIS THE CARPELS ARE FREE ABOVE AND COLORED LIKE THE FETALS ( B), WTH THE STIGVA ON THE

UNDER SIDE. OF GARDEN FLOWERS THE GLADIOLUS AND CROCUS ARE THE MOST FAMLIAR EXANPLES, BESIDES THE VARIOUS SPECEES OF IR'S; AND OF WILD FLOWERS THE
little “blue-eyed grass” (Sisyrinchium).

The blue pickerel-weed (Pontederia) is the type of a family of which there are few common representatives (Fig. 84, /, K).

THE LAST FAMLY OF THE ORDER IS THE Bromeliacege, ALL INHABITANTS OF THE WARVER PARTS OF THE GLOBE, BUT REFRESENTED IN THE SOUTHERN STATES BY
SEVERAL FORMS, THE COMMONEST OF WHICH IS THE SO-CALLED “GRAY MOSS” ( Tillandsia) (Fig. 84, F, H). OF CUTVATED FLANTS THE ANEAFFLE, WHOSE FRUT
consists of a fleshy mass made up of the crowded fruits and the fleshy flower stalks, is the best known.

Orom Il.—Enantioblastae.

THE SECOND ORDER OF THE MONOOOTYLEDONS, Enantioblastse, INOLUDES VERY FEW COMMON FLANTS. THE MOST FAMLIAR EXAMALES ARE THE VAROUS



SPEOES OF Tradescantia (Eig. 88), SOVE OF WHCH ARE NATVE, OTHERS EXOTIC. OF THE CULTIVATED FORMS THE COMVONEST IS ONE SOMETIVES CALLED
“WANDERNG-JEW,” A TRAILING PLANT WITH ZIGZAG STEVS, AND OVAL, PONTED LEAVES FORVING A SHEATH ABOUT EACH JOINT. ANOTHER COMVON ONE IS THE
SPADERWORT ALREADY REFERRED TO. IN THS THE LEAVES ARE LONG AND FONTED, BUT ALSO SHEATHING AT THE BASE. VW HEN THE FLOWERS ARE SHOWY, AS IN THESE, THE
SEPALS AND PETALS ARE DIFFERENT, THE FORVER BENG GREEN. THE FLOWERS USUALLY OPEN BUT ONCE, AND THE FETALS SHRIVEL UP AS THE FLOWER FADES. THERE ARE
four families of the order, the spiderwort belonging to the highest one, Commelynece.

Oroer lll.—Spadiciflorze.

THE THRD ORDER OF THE MONOCOTYLEDONS,  Spadicifloree, IS A VERY LARGE ONE, AND INCLUDES THE LARGEST AND THE SMALLEST FLANTS OF THE WHOLE SUB-
QLASS. IN ALL OF THEM THE FLOWERS ARE SMALL AND OFTEN VERY INCONSPICUOUS; USUALLY, THOUGH NOT ALWAYS, THE MALE AND FEVALE FLOWERS ARE SEPARATE, AND
OFTEN ON DIFFERENT FLANTS. THE SMALLEST MBVBERS OF THE GROUP ARE LITTLE AQUATICS, SCARCELY VISBLE TO THE NAKED EYE, AND OF EXTREVELY SIVPLE STRUCTURE,

BUT NEVERTHELESS THESE LITTLE FLANTS PRODUCE TRUE FLOWERS. IN MARKED CONTRAST TO THESE ARE THE PALMS, SOVE OF WHCH REACH A HEIGHT OF THRTY METRES OR
more.

THE FLOWERS IN MOST OF THE ORDER ARE SMALL AND INCONSPICUOUS, BUT AGGREGATED ON A SPIKE (SPADIX) WHCH MAY BE OF VERY LARGE SIZE. GOOD TYFES
OF THE ORDER ARE THE VARIOUS ARODS (  Aroideae), OF WHCH THE CALLA ( Richardia) is A VERY FAMLIAR CULTIVATED EXAMALE. OF WILD FORVS THE SWEET-FLAG
(Acorus), JAGKINTHEPULAT (- Ariseema) (Eig. 86, A, D), SKUN-CABBAGE ( Symplocarpus), AND WILD CALLA MAY BE NOTED. IN  Ariseema (Eig. 86, A) THE
FLOWERS ARE BORNE ONLY ON THE BASE OF THE SPADIX, AND THE FLANT IS DICEOOUS. THE FLOWERS ARE OF THE SIMPLEST STRUCTURE, THE FEVALE CONSISTING OF A
SINGLE CARPEL, AND THE MALE OF FOLR  STAMENS ( C, D). WHLE THE INDIVIDUAL FLOWERS ARE DESTITUTE OF A PERGONE, THE WHOLE INFLORESCENCE (CLUSTER OF
FLOWERS) IS SURROUNDED BY A LARGE LEAF (SPATHE), WHCH SOVETIVES IS BRILLIANTLY COLORED, THS SERVING TO ATTRACT INSECTS. THE LEAVES OF THE ARODS ARE
generally large and sometimes compound, the only instance of true compound leaves among the monocotyledons (Eig. 86, B).



.86.—Types of Spadiciflorae. A, inflorescence of Jack-in-the-pulpit (Ariseema, Aroideae). The flowers (fl.) are at the base of a spike (spadix), surrounded by a sheath (spathe), which has
been cut away on one side in order to show the flowers, x % B, leaf of the same plant, x %4 C, vertical section of a female flower, x 2. D, three male flowers, each consisting of four
stamens, x 2. E, two plants of a duck-weed (Lemna), the one at the left is in flower, x 4. F, another common species. L, Trisulea, % 1. G, male flower of E, x 25. H, optical section of the
female flower, showing the single owle (ov.), x 25. /, part of the inflorescence of the bur-reed (Sparganium), with female flowers, x V2 (Typhaceze). J, a single, female flower, x 2. K, a ripe
fruit, x 1. L, longitudinal section of the same. M, two male flowers, x 1. N, a pond-weed (Potomogeton), x 1 (Naiadaceze). O, a single flower, x 2. P, the same, with the perianth removed,
x 2. @ fruit of the same, x 2.

P ROBABLY TO BE REGARDED AS REDUCED AROIDS ARE THE DUCK-WEEDS ( Lemnaceze) (Fig. 86, F, H), MNUTE FLOATING FLANTS WITHOUT ANY DIFFERENTIATION
OF THE FLANT BODY INTO STEM AND LEAVES. THEY ARE GLOBULAR OR DISOOID MASSES OF CELLS, MOST OF THEM HAVING ROOTS; BUT ONE GENUS ( Wolffia) HAs NO

roots nor any trace of fibro-vascular bundles. The flowers are reduced to a single stamen or carpel (Figs. E, G, H).

THE CAT-TAL ( Typha) AND BURREED ( Sparganium) (Fig. 86, /, L) ARE COMVION REFRESENTATIVES OF THE FAMLY Typhacege, AND THE FOND-WEEDS
(Naias and Potomogeton) ARE COMVION EXAMALES OF THE FAMLY Naiadeae. THESE ARE AQUATIC FLANTS, COVALETELY SUBMERGED ( Naias), OR SOVETIVES
partially floating (Poformogeton). THE LATTER GENUS INCLUDES A NUVBER OF SPECIES WITH LEAVES VARYING FROM LINEAR (VERY NARROW AND FOINTED) TO BROADLY
oval, and are everywhere common in slow streams.

THE LARGEST MEVBERS OF THE GROUP ARE THE SCREA-PINES ( Pandaneae) AND THE PALMS ( Palmeae). THESE ARE REFRESENTED IN THE UNITED STATES BY
ONLY A FEW SPECIES OF THE LATTER FAMLY, OONFINED TO THE SOUTHERN AND SOUTHWESTERN PORTIONS. THE PALIVETTOES ( Sabal ano Chameaerops) ARE THE BEST
known.

B OTH THE PALMS AND SCREW-PINES ARE OFTEN CULTIVATED FOR ORNAVENT, AND AS IS WELL KNOWN, IN THE WARVER PARTS OF THE WORLD THE PALMS ARE AMONG
THE MOST VALUABLE OF ALL RLANTS. THE DATE PALM ( Phaenix dactylifera) AND THE 00cOANUT ( Cocos nucifera) ARE THE BEST KNOWN. THE AFPARENTLY
OOMFOUND (“PNNATE’ OR FEATHER-SHAPED) LEAVES OF MANY PALMS ARE NOT STRCILY COMPOUND; THAT IS, THEY DO NOT ARSE FROM THE BRANCHNG OF AN
ORGINALLY SINGLE LEAF, BUT ARE REALLY BROAD, UNDIVIDED LEAVES, WHCH ARE CLOSELY FOLDED LIKE A FAN IN THE BUD, AND TEAR APART ALONG THE FOLDS AS THE LEAF
opens.

ALTHOUGH THESE PLANTS REACH SUCH A GREAT SIZE, AN EXAMNATION OF THE STEM SHOWS THAT IT IS BULT ON MUCH THE SAVE FLAN AS THAT OF THE OTHER
MONOOOTYLEDONS; THAT IS, THE STEM IS COMPOSED OF A MASS OF SOFT, GROUND TISSUE THROUGH WHCH RUN MANY SMALL ISOLATED, FIBRO-VASCULAR BUNDLES. A
good idea of this structure may be had by cutting across a corn-stalk, which is built on precisely the same pattern.

OrRDRR IV.—Glumaceae.

THE PLANTS OF THS ORDER RESEVBLE EACH OTHER CLOSELY IN THER HABIT, ALL HAVING LONG, NARROW LEAVES WITH SHEATHNG BASES THAT SURROUND THE
SLENDER, DISTINCTLY JOINTED STEM WHCH FREQUENTLY HAS A HARD, POLISHED SURFACE THE FLOWERS ARE INCONSPICUOUS, BORNE USUALLY IN OLOSE SPKES, AND
DESTITUTE OF A FERGONE OR HAVING THS REDUCED TO SMALL SCALES OR HAIRS. THE FLOWERS ARE USUALLY SURROUNDED BY MORE OR LESS DRY LEAVES (GLUVES,
paleze) which are closely set, so as to nearly conceal the flowers. The flowers are either hermaphrodite or unisexual.



.87 —Types of Glumaceze. A, a sedge, Carex (Cyperacez). &, the male; Q, the female flowers, x V4. B, a single male flower, x 2. C, a female flower, x 2. D, fruiting spike of another Carex,
x %5 E, a single fruit, x 1. F, the same, with the outer envelope removed, and slightly enlarged. G, section of F, x 3. em. the embryo. H, a bulrush, Scirpus (Cyperaceee), x . 1, a single
spikelet, x 2. J, a single flower, x 3. K a spikelet of flowers of the common orchard grass, Dactylis (Graminege), x 2. L, a single flower, x 2. M, the base of a leaf, showing the split sheath
encircling the stem, x 1. N, section of a kernel of com, showing the embryo (em.), x 2.

There are two well-marked families, the sedges (Cyperaceae) and the grasses (Gramineag). THE FORVER HAVE SOLID, OFTEN TRANGULAR STEVS, AND
THE SHEATH AT THE BASE OF THE LFAVES IS NOT SALIT. THE COMMONEST GENERA ARE Carex (Fig. 87, A, G) AND Cyperus, OF WHCH THERE ARE MANY COMMON
SFECES, DFFERNG VERY LITTLE AND HARD TO DISTNGUSH. THERE ARE SEVERAL COMMON SPECES OF Carex WHCH BLOSSOM EARLY IN THE SFRNG, THE MALE
FLOWERS BEING QUITE CONSPICUOUS ON ACCOUNT OF THE LARGE, YELLOW ANTHERS. THE FEVALE FLOWERS ARE IN SIMLAR SPKES LOWER DOWN, WHERE THE POLLEN
READLY FALLS UPON THEM, AND IS CAUGHT BY THE LONG STIGVAS. IN SOVE OTHER GENERA, e.g. THE BURUSHES ( Scirpus) (Fig. 87, H), THE FLOWERS ARE
HERVAPHRODITE,  /.€. OONTAIN BOTH STAMENS AND PSTLLS. THE FRUT ( Fig. 87, F) IS SEED-LIKE, BUT REALLY INCLUDES THE WALL OF THE OVARY AS WELL, WHICH IS
GROWN COLOSELY TO THE ENCLOSED SEED. THE BVBRYO IS SMALL, SURROUNDED BY ABUNDANT ENDOSPERM ( Fig. 87, G). VERY FEW OF THE SEDGES ARE OF ANY
economic importance, though one, the papyrus of Egypt, was formerly much valued for its pith, which was manufactured into paper.

THE SECOND FAMLY, THE GRASSES, ON THE CONTRARY, INCLUDES THE MOST IMFORTANT OF ALL FOOD ALANTS, ALL OF THE GRAINS BELONGING HERE. THEY DIFFER
MAINLY FROM THE SEDGES IN HAVING, GENERALLY, HOLLOW, CYLINDRICAL STEVS, AND THE SHEATH OF THE LEAVES SPALIT DOWN ONE SIDE; THE LEAVES ARE IN TWO ROWS,
WHLE THOSE OF THE SEDGES ARE IN THREE. THE FLOWERS ( Fig. 87, L) ARE USUALLY PERFECT; THE STIGVAS, TWO IN NUVBER AND LIKE PLUVES, SO THAT THEY READLY
CATCH THE POLLEN WHCH IS BLOWN UPON THEML A FEW, LIKE THE INDIAN CORN, HAVE THE FLOWERS UNISEXUAL; THE MALE FLOWERS ARE AT THE TOP OF THE STEM FORVING
THE “TASSHL,” AND THE FEMALE FLOWERS LOWER DOWN FORMING THE EAR THE “SILK” IS OOMPOSED OF THE ENORVIOUSLY  LENGTHENED STIGVAS. THE FRUTS RESBVBLE
those of the sedges, but the embryo is usually larger and placed at one side of the endosperm (N, em.).

WHLE MOST OF THE GRASSES ARE COMPARATIVELY SMALL PLANTS, A FEW OF THEM ARE ALMOST TREELIKE IN THER PROPORTIONS, THE SPECIES OF BAMBOO
(Bambusa) sometimes reaching a height of twenty to thirty metres, with stems thirty to forty centimetres in diameter.

OroeRV.—Scitamineae.
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.88.—Scitamineee. A, upper part of a flowering plant of Indian shot (Canna), much reduced in size (Cannaceae). B, a single flower, x 4. C, the single stamen (an.), and petal-like pistil
(gy.), x 1. D, section of the ovary, x 2. E, diagram of the flower. The place of the missing stamens is indicated by small circles. F, fruit, x 2. G, section of an unripe seed. em. embnyo. p,
perisperm, x 2.

THE ALANTS OF THS ORDER ARE ALL INHABITANTS OF THE WARVER PARTS OF THE EARTH, AND ONLY A VERY FEW OCCUR WITHIN THE LIMTS OF THE UNITED S TATES, AND
THESE CONFINED TO THE EXTREVE SOUTH THEY ARE EXTREVELY SHOWY ALANTS, OWING TO THER LARGE LEAVES AND BRLLIANT FLOWERS, AND FOR THS REASON ARE
CULTIVATED EXTENSVELY. VAROUS SFECES OF  Canna (Eig. 88) ARE COMVION IN GARDENS, WHERE THEY ARE FRZED FOR THER LARGE, RCHLY-OOLORED LEAVES, AND
CLUSTERS OF SCARLET, ORANGE, OR YELLOW FLOWERS. THE LEAFY STEMS ARISE FROM THCK TUBERS OR ROOT STOCKS, AND GROW RAPDLY TO A HEGHT OF TWO METRES OR
MORE IN THE LARGER SPECES. THE LEAVES, AS IN ALL THE ORDER, ARE VERY LARGE, AND HAVE A THOK MDRB WITH LATERAL VEINS RUNNING TO THE MARGN. THE YOUNG
LEAVES ARE FOLDED UP LIKE A TRUMPET. THE FLOWERS ARE IRREGULAR IN FORV, AND IN Canna ONLY A SINGLE STAMEN IS FOUND; OR IF MORE ARE FRESENT, THEY ARE
REDUCED TO PETAL-LIKE RUDIVENTS. THE SINGLE, PERFECT STAMEN ( Fig. 88, C, an.) HAS THE FLANENT BROAD AND COLORED LIKE THE FETALS, AND THE ANTHER
ATTACHED TO ONE SDE. THEPRSTL ( gY.) IS ALSO PETAL-LIKKE. THERE ARE THREE ORCLES OF LEAVES FORVING THE PERGONE, THE TWO OUTER BENG MORE OR LESS
MEVBRANACEOUS, AND ONLY THE THREE INNER PETAL-LIKE IN TEXTURE. THE OVARY ( 0) IS INFEROR, AND COVERED ON THE OUTSIDE WITH LITTLE PAPLL/E THAT AFTERWARD
form short spines on the outside of the fruit (F).

THE SEDS ARE LARGE, BUT THE EVBRYO IS VERY SMALL. A SECTION OF A NEARLY RPE SEED SHOWS THE EVBRYO ( €em.) OOCUPYING THE UPPER PART OF THE
BVBRYO SAC WHCH DOES NOT NEARLY FILL THE SEED AND CONTAINS NO ENDOSPERM. T HE BULK OF THE SEED IS DERVED FROM THE TISSUE OF THE BODY OF THE OVULE,

WHCH IN MOST SEEDS BECOVES ENTIRELY OBLITERATED BY THE GROWTH OF THE BEMBRYO SAC. THE CELLS OF THS TISSUE BECOVE FILLED WITH STARCH, AND SERVE THE
same purpose as the endosperm of other seeds. This tissue is called “perisperm.”

OF FOOD ALANTS BELONGING TO THS ORDER, THE BANANA ( Musa) 1S MUCH THE MOST IMPORTANT. OTHERS OF MORE OR LESS VALUE ARE SPECES OF ARROWROOT
(Maranta) and ginger (Zingiber).

There are three families: |. Musaceae (banana family); Il. Zingiberaceae (ginger family); and lll. Cannaceege (Canna, Maranta).

ORDeR VI.—Gynandree.

BY FAR THE GREATER NUVBER OF THE FLANTS OF THS ORDER BELONG TO THEORCHS FAMLY ( Orchideae), THE SEOOND FAMLY OF THEORDER ~ (Apostasiese), BENG
A SVALL ONE AND UNREPRESENTED IN THE UNTED STATES. THE ORCHDS ARE IN SOVE RESPECTS THE MOST HGHLY SPECALIZED OF ALL FLOWERS, AND EXHBIT
WONDERFUL VARETY IN THE SHAPE AND OOLOR OF THE FLOWERS, WHICH ARE OFTEN OF EXTRAORDINARY BEAUTY, AND SHOW SPECIAL CONTRIVANCES FOR CROSS-FERTILIZATION
that are without parallel among flowering plants.



.89.—Gynandree. A, inflorescence of the showy orchis (Orchis spectabilis), x 1 (Orchideae). B, a single flower, with the upper leaves of the perianth turned back to show the column (x). sp.
the spur attached to the lower petal or lip. o, the ovary, x 1. C, the column seen from in front. an. the stamen. gy. the stigmatic surface, x 1. D, the two pollen masses attached to a straw,

E, diagram of the flower; the position of the missing stamens indicated by small circles.

THE LOWERS ARE ALWAYS MORE OR LESS BILATERALLY SYMVETRICAL (ZYGOMORPHC). THE OVARY IS INFEROR, AND USUALLY TWISTED SO AS TO TURN THE FLOWER
OOVALETELY AROUND. THERE ARE TWO SETS OF PERGONE LEAVES, THREE IN EACH, AND THESE ARE USUALLY MUCH ALIKE EXCEPT THE LOAER (THROUGH THE TWISTING OF
THE OVARY) OF THE INNER SET. THS PETAL, KNOAN AS THE “LIP’ OR “LABELLUM” IS USUALLY LARGER THAN THE OTHERS, AND DIFFERENT IN COLOR AS WELL AS BENG
FREQUENTLY OF PECULIAR SHAFE. IN MANY OF THEM IT IS ALSO PROLONGED BACKWARD IN A HOLLOW SPUR (SEE Fig. 89, B). IN ALL OF THE ORCHDS EXCEPT THE LADY'S-
slippers (Cypripedium) (Eig. 90, B), ONLY ONE FERFECT STAMEN IS DEVELOFED, AND THS IS UNITED WITH THE THREE STYLES TO FORM A SPECIAL STRUCTURE KNOWN,
AS THE “COLUMN’ OR “GYNOSTEMWM' ( Fig. 89, B, C). THE FOLLEN SPORES ARE USUALLY AGGREGATED INTO TWO OR FOUR WAXY MASSES (“POLLINA,” SING.

POLLINUM), WHCH USUALLY CAN ONLY BE REVOVED BY THE AGENCY OF INSECTS UPON WHCH ALL BUT A VERY FEANV ORCHDS ARE ABSOLUTELY DEPENDENT FOR THE
pollination of the flowers.

.90.—Forms of Orchideae. A, putty-root (Aplectrum), x 1. B, yellow lady's-slipper (Cypripedium), x . C, the column of the same, x 1. an. one of the two perfect stamens. st. sterile, petal-
like stamen. gy.. stigma. D, Arethusa, x 2. E, section of the column, x 1: an. stamen. gy. stigma. F, the same, seen from in front. G, Habenaria, x 1. H, Calopogon, x 1. In the last the ovary
is not twisted, so that the lip (L) lies on the upper side of the flower.

In the lady-slippers there are two fertile stamens, and a third sterile one has the form of a large triangular shield terminating the column (Eig. 90,
C, st).



THE OVULES OF THE ORCHDS ARE EXTREVELY SMALL, AND ARE ONLY PARILY DEVELOPED AT THE TIVE THE FLOWER OFENS, THE FOLLEN TUBE GROWING VERY SLOWLY
AND THE OVULES MATURING AS IT GROWS DOWN THROUGH THE TISSUES OF THE COLUWN. THE RPE SEEDS ARE EXCESSIVELY NUVEROUS, BUT SO FINE AS TO LOOK LIKE
dust.

THE ORCHDS ARE MOSTLY SMALL OR MODERATE-SIZED FLANTS, FEW OF THEV BENG MORE THAN A METRE OR SO IN HEGHT. ALL OF OUR NATIVE SPECEES, WITH THE
EXCEPTION OF A FEA FROM THE EXTREVE SOUTH, GROW FROM FIBROUS ROOTS OR TUBERS, BUT MANY TROPCAL ORCHDS, AS IS WELL KNOWN, ARE “ERPHYTES’; THAT IS,
THEY GROW UPON THE TRUNKS AND BRANCHES OF TREES. ONE GENUS, Vanilla, 1S A TWINNG ERPHYTE, THE FRUIT OF THS FLANT FURNISHES THE VANILLA OF COMVERCE.
Aside from this plant, the economical value of the orchids is small, although a few of them are used medicinally, but are not specially valuable.

OF THE FIVE THOUSAND SPECES KNOWN, THE GREAT MAJORTY ARE INHABITANTS OF THE TROPICS, BUT NEVERTHELESS THERE ARE WITHN THE UNTED STATES A
NUVBER OF VERY BEAUTIFUL FORVS. THE LARGEST AND SHOMEST ARE THE LADY’ S-SLIFFERS, OF WHICH WE HAVE SIX SPECIES AT THE NORTH. THE MOST BEAUTIFUL IS THE
SHOWY LADY'S-SLIFFER (- Cypripedium spectabile), WHOSE LARGE, PINK AND WHTE FLOWERS RIVAL IN BEAUTY MANY OF THE CHOICEST TROPICAL ORCHDS. MANY OF
THE Habenarias, INOLUDNG THE YELLOW AND PURFLE FRINGED ORCHDS, ARE STRKINGLY BEAUTIFUL AS ARE THE Arethuseee (Arethusa, Pogonia, Calopogon).
THE LAST OF THESE ( Fig. 90, H) DFFERS FROM ALL OUR OTHER NATIVE ORCHDS IN HAVING THE OVARY UNTWISTED SO THAT THE LABELLUM LIES ON THE UFPER SIDE OF THE
flower.

A NUVBER OF THE ORCHDS ARE SAPROPHYTIC, GROWING IN SOLL RCH IN DECAYING VEGETABLE MATTER, AND THESE FORMS ARE OFTEN NEARLY OR QUITE DESTITUTE
OF CHLOROPHYLL, BEING BROWNISH OR YELLOWISH IN OOLOR, AND WITH RUDIVENTARY LEAVES. THE CORAL roots (Corallorhiza), OF WHCH THERE ARE SEVERAL SPECEES,
ARE EXAMALES OF THESE, AND ANOTHER CLOSELY RELATED FORM, THE FUTTY-ROOT ( Aplectrum) (Fig. 90, A), HAS THE FLOMERNG STEVS LKE THOSE OF  Corallorhiza,
but there is a single, large, plaited leaf sent up later.

OrbR VIl.—Helobize.

THE LAST ORDER OF THE MONOCOTYLEDONS IS COMPOSED OF MARSH OR WATER FLANTS, SOME OF WHOCH RECALL CERTAIN OF THE DICOTYLEDONS. OF THE THREE
families, the first, Juncagineae, includes a few inconspicuous plants with grass-like or rush-like leaves, and small, greenish or yellowish flowers (e.g.
arrow-grass, Triglochin).

THE SECOND FAMLY ( Alismaceae) CONTAINS SEVERAL LARGE AND SHOWY SPECES, INHABITANTS OF MARSHES. OF THESE THE WATER-FLANTAN ( Alisma), A
FLANT WITH LONG-STALKED, OVAL, RBBED LEAVES, AND A MUCHBRANCHED PANICLE OF SMALL, WHTE FLOWERS, IS VERY OOMVON IN MARSHES AND DITCHES, AND THE
VAROUS SPECES OF ARROMEAD ( Sagittaria) ARE AMONG THE MOST CHARACTERSTIC OF OUR MARSH FLANTS. THE FLOWERS ARE UNISEXUAL; THE FEVALE FLOWERS ARE

USUALLY BORNE AT THE BASE OF THE INFLORESCENCE, AND THE MALE FLOWERS ABOVE. THE GYNCECILM ( Fig. 91, B) CONSISTS OF NUVEROUS, SEPARATE CARPELS
ATTACHED TO A GLOBULAR RECEPTACLE THE SEPALS ARE GREEN AND MUCH SMALLER THAN THE WHTE PETALS. THE LEAVES ( F) ARE BROAD, AND, BESIDES THE

thickened, parallel veins, have numerous smaller ones connecting these.

.91.—Types of Helobiae. A, inflorescence of arrowhead (Sagittaria), with a single female flower, x 2 (Alismaceae) . B, section through the gyncecium, showing the numerous single
carpels, x 3. C, aripe fruit, x 3. D, a male flower, x 1. E, a single stamen, x 3. F, a leaf of Sagittaria variabilis, x V6. G, ditch-moss (Elodea), with a female flower (fl.), x V2. (Hydrocharideze).
H, the flower, x 2. an. the rudimentary stamens. st. the stigma. /, cross-section of the ovary, x 4. J, male inflorescence of eel-grass (Vallisneria), x 1. K, a single expanded male flower,
x 12. st. the stamen. L, a female flower, x 1. gy. the stigma.

THE LAST FAMLY IS THE Hydrocharideae. THEY ARE SUBMERSED AQUATICS, OR A FEAV OF THEM WITH LONG-STALKED, FLOATING LEAVES. TWO FORVS, THE DITCH
moss ( Elodea) (Eig. 91, G, ) aND EB-GRASS ( Vallisneria) ARE VERY COMVON IN STAGNANT OR SLOW-RUNNING WATER IN BOTH OF THESE THE FLANTS ARE
COVPLETELY SUBVERSED, BUT THERE IS A SPECIAL ARRANGEVENT FOR BRNGING THE FLOWERS TO THE SURFACE OF THE WATER. L IKE THE ARROWHEAD, THE FLOWERS ARE
UNISEXUAL, BUT BORNE ON DIFFERENT FLANTS. THE FEMALE FLOMVERS ( H, L) ARE COMPARATIVELY LARGE, ESPECALLY  IN Vallisneria, AND ARE BORNE ON LONG STALKS,
BY MEANS OF WHCH THEY REACH THE SURFACE OF THE WATER WHERE THEY EXPAND AND ARE READY FOR POLLINATION. THE MALE FLOWERS ( Fig. 91, J, K) ARe
EXTREVELY SMALL AND BORNE, MANY TOGETHER, SURROUNDED BY A MEVBRANOUS ENVELOFE, THE WHOLE INFLORESCENCE ATTACHED BY A SHORT STALK. WHEN THE



FLOWERS ARE READY TO OPEN, THEY BREAK AWAY FROM THER ATTACHVENT, AND THE BNVELOPE OPENS, ALLOWING THEM TO ESCAFE, AND THEY IMVEDIATELY RISE TO
THE SURFACE WHERE THEY EXPAND AND OOLLECT IN GREAT NUVBERS ABOUT THE OPEN FEVALE FLOWERS. S OVETIVES THESE ARE SO ABUNDANT DURNG THE FLOWERING
PEROD (LATE IN SUMVER) THAT THE SURFACE OF THE WATER LOOKS AS IF FLOUR HAD BEEN SCATTERED OVER IT. A FTER POLLINATION IS EFFECTED, THE STEM OF THE FEVALE

flower coils up like a spring, drawing the flower beneath the water where the fruit ripens.
THE CALLS OF THESE PLANTS SHOW VERY BEAUTIFULLY THE CIRCULATION OF THE PROTOPLASM, THE MOVEVENT BEING VERY MARKED AND CONTINUNG FOR A LONG TIVE

under the microscope. To see this the whole leaf of Elodea, or a section of that of Vallisneria, may be used.



CHAPTER XV
DICOTYLEDONS.

.92 —End of a branch of a horsechestnut in winter, showing the buds covered by the thick, brown scale leaves, x 1.

THE SEOOND SUB-OLASS OF THE ANGIOSPERVS, THE DICOTYLEDONS, RECEVE THER NANVE FROM THE TWO OFPOSITE SEED LEAVES OR OOTYLEDONS WITH WHICH THE
YOUNG PLANT IS FURNISHED. THESE LEAVES ARE USUALLY QUITE DIFFERENT IN SHAFE FROM THE OTHER LEAVES, AND NOT INFREQUENTLY ARE VERY THCK AND FLESHY, FILLING
NEARLY THE WHOLE SEED, AS MAY BE SEEN IN A BEAN OR PEA. THE NUVBER OF THE DICOTYLEDONS IS VERY LARGE, AND VERY MUCH THE GREATER NUVBER OF LIVING
SPERVAPHYTES BELONG TO THS GROUP. THEY EXHBIT MUCH GREATER VARETY IN THE STRUCTURE OF THE FLOWERS THAN THE MONOCOTYLEDONS, AND THE LEAVES, WHCH
in the latter are with few exceptions quite uniform in structure, show here almost infinite variety. Thus the leaves may be simple (undivided); e.g. oak,
AFPLE, OR COMPOUND, AS IN CLOVER, LOCUST, ROSE, COLUMVBINE, ETC. THE LEAVES MAY BE STALKED OR SESSILE (ATTACHED DIRECTLY TO THE STEM), OR EVEN GROWN
AROUND THE STEM, AS IN SOVE HONEYSUCKLES. THE EDGES OF THE LEAVES MAY BE PERFECTLY SMOOTH (“ENTIRE’), OR THEY MAY BE VAROUSLY LOBED, NOTCHED, OR
WAVY IN MANY WAYS. AS MANY OF THE DICOTYLEDONS ARE TREES OR SHRUBS THAT LOSE THER LEAVES ANNUALLY, SPECIAL LEAVES ARE DEVE.OPED FOR THE PROTECTION
OF THE YOUNG LEAVES DURNG THE WINTER. THESE HAVE THE FORM OF THIOK SCALES, AND OFTEN ARE PROVIDED \WITH GLANDS SECRETING A GUVMY  SUBSTANCE WHICH
HELPS RENDER THEM WATER-PROOF. THESE SCALES ARE BEST STUDED IN TREES WITH LARGE, WINTER BUDS, SUCH AS THE HORSECHESTNUT ( Fig. 92), HOKORY, LILAC,
etc. On removing the hard, scale leaves, the delicate, young leaves, and often the flowers, may be found within the bud. If we examine a young shoot
OF LILAC OR BUCKEYE, JUST AS THE LEAVES ARE EXPANDING IN THE SPRING, A COVPLETE SERES OF FORVS MAY BE SEEN FROM THE SIMPLE, EXTERNAL SCALES, THROUGH
IMVEDIATE FORMS, TO THE COMPLETE FOLIAGE LEAF. THE VEINS OF THE LEAVES ARE ALMOST ALWAY'S MUCH-BRANCHED, THE VEINS HTHER BEING GIVEN OFF FROM ONE
MAIN VEN OR MDRB (FEATHER-VEINED OR ANNATE-VENED), AS IN AN APFLE LEAF, OR THERE MAY BE A NUVBER OF LARGE VENS RADIATING FROM THE BASE OF THE
leaf, as in the scarlet geranium or mallow. Such leaves are said to be palmately veined.
SOME OF THBV ARE SMALL HERBACEOUS FLANTS, HTHER UPRGHT OR PROSTRATE UPON THE GROUND, OVER WHICH THEY MAY CREEP EXTENSIVELY, BECOMNG
ROOTED AT INTERVALS, AS IN THE WHITE CLOVER, OR SENDING OUT SPECIAL RUNNERS, AS IS SEEN IN THE STRAWBERRY. O THERS ARE WOODY STEMVED ALANTS, PERSISTING
FROM YEAR TO YEAR, AND OFTEN BECOMNG GREAT TREES THAT LIVE FOR HUNDREDS OF YEARS. STILL OTHERS ARE CLIVBING PLANTS, HTHER TWINING THER STEVS ABOUT THE
SUPFORT, LIKE THE MORNING-GLORY, HOP, HONEYSUCKLE, AND MANY OTHERS, OR HAVING SPECIAL ORGANS (TENDRLS) BY WHCH THEY FASTEN THEVSELVES TO THE
SUPPORT. THESE TENDRLS ORGINATE IN DIFFERENT WAYS. S OMETIVES, AS IN THE GRAPE AND VIRGNA OREEPER, THEY ARE REDUCED BRANCHES, HTHER COLING
about the support, or producing little suckers at their tips by which they cling to walls or the trunks of trees. Other tendrils, as in the poison ivy and the
TRUE VY, ARE SHORT ROOTS THAT FASTEN THEVSELVES FIRWLY IN THE OREVICES OF BARK OR STONES. STILL OTHER TENDRLS, AS THOSE OF THE SWEET-PEA AND CLEVATIS,
are parts of the leaf.
The stems may be modified into thorns for protection, as we see in many trees and shrubs, and parts of leaves may be similarly changed, as in
THE THSTLE THE UNDERGROUND STEMS OFTEN BECOVE MUCH CHANGED, FORMING BULBS, TUBERS, ROOT STOCKS, ETC. MUCH AS IN THE MONOOOTYLEDONS. THESE
STRUCTURES ARE ESPECIALLY FOUND IN PLANTS \WWHCH DIE DOAN TO THE GROUND EACH YEAR, AND CONTAIN SUPRLIES OF NOURISHVENT FOR THE RAFID GROWTH OF THE
annual shoots.
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.93.—A, base of a plant of shepherd’s-purse (Capsella bursa-pastoris), x % r, the main root. B, upper part of the inflorescence, x 1. C, two leaves: i, from the upper part; ii, from the base of
the plant, x 1. D, a flower, x 3. E, the same, with sepals and petals removed, x 3. F, petal. G, sepal. H, stamen, x 10. f, filament. an. anther. /, a fruit with one of the valves removed to show
the seeds, x 4. J, longitudinal section of a seed, x 8. K, the embryo remowved from the seed, x 8./, the firstleaves (cotyledons). st. the stem ending in the root. L, cross-section of the stem,
x 20. fb. fibro-vascular bundle. M a similar section of the main root, x 15. N, diagram of the flower.

THE STRUCTURE OF THE TISSUES, AND THE PECULIARITIES OF THE FLOAWER AND FRUT, WILL BE BETTER UNDERSTOOD BY A SOMBAHAT CAREFUL EXAMNATION OF A
typical dicotyledon, and a comparison with this of examples of the principal orders and families.

ONE OF THE COMMONEST OF WEEDS, AND AT THE SAVE TIVE ONE OF THE MOST CONVENIENT FLANTS FOR STUDYING THE CHARACTERISTICS OF THE DICOTYLEDONS, IS
the common shepherd’s-purse (Capsella bursa-pastoris) (Figs. 93—95).

THE ALANT GROWS ABUNDANTLY IN WASTE ALACES, AND IS IN FLOWER NEARLY THE YEAR ROUND, SOVETIVES BEING FOUND IN FLOWER IN MDWINTER, AFTER A WEEK
OR TWO OF WARVWEATHER. IT IS, HOAVEVER, IN BEST OONDITION FOR STUDY IN THE SPRING AND EARLY SUMVER. THE FLANT MAY AT ONCE BE RECOGNZED BY THE HEART-
SHAPED FODS AND SMALL, WHITE, FOUR-PETALED FLOMVERS. THE FLANT BEGINS TO FLOWER WHEN VERY SMALL, BUT CONTINUES TO GROW UNTLL IT FORMS A MUCH
BRANCHNG PLANT, HALF A METRE OR MORE IN HBGHT. ON PULLING UP THE PLANT, A LARGE TAP-ROOT ( Fig. 93, A, r) IS SEBN, CONTINUOUS WITH THE MAIN STEM ABOVE
GROUND. THE FIRST ROOT OF THE SEEDLING FLANT CONTINUES HERE AS THE MAIN ROOT OF THE FLANT, AS WAS THE CASE WITH THE GYMNOSPERMS, BUT NOT WITH THE
MONOGOTYLEDONS. F ROM THS TAR-ROOT OTHER SMALL ONES BRANCH OFF, AND THESE DIVIDE REFEATEDLY, FORMNG A COMPLEX ROOT SYSTEM. THE MAIN ROOT IS VERY
TOUGH AND HARD, OWING TO THE FORVATION OF WOODY TISSUE IN IT. A CROSS-SECTION SLIGHTLY MAGNFIED ( Fig. 93, M), SHONS A ROUND, OPAQUE, WHTE, CENTRAL
AREA (X), THE WOOD, SURROUNDED BY A MORE TRANSPARENT, IRREGULAR RNG ( ph.), THE PHLOBM OR BAST, AND OUTSIDE OF THS IS THE GROUND TISSLE AND
epidermis.

THE LOWER LEAVES ARE CROADED INTO A ROSETTE, AND ARE LARGER THAN THOSE HGHER UP, FROM WHICH THEY DIFFER ALSO IN HAVING A STALK (PETIOLE), WHLE
THE UPPER LEAVES ARE SESSILE. THE OUTLINE OF THE LEAVES VARES MUCH IN DIFFERENT FLANTS AND IN DFFERENT PARTS OF THE SAME FLANT, BENG SOMVETIVES
ALMOST ENTIRE, SOMETIVES DIVIDED INTO LOBES ALMOST TO THE MDRB, AND BETWEEN THESE EXTREVES ALL GRADATIONS ARE FOUND. THE LARGER LEAVES ARE
TRAVERSED BY A STRONG MDRB PROJECTING STRONGLY ON THE LOWER SIDE OF THE LEAF, AND FROM THS THE SMALLER VENS BRANCH. THE UPFER LEAVES HAVE
FREQUENTLY TWO SMALLER VENS STARTING FROM THE BASE OF THE LEAF, AND NEARLY PARALLEL WITH THE MDRB ( C 1). THE SURFACE OF THE LEAVES IS SOVMBAHAT
roughened with hairs, some of which, if slightly magnified, look like little white stars.

MAGNFYING SLIGHTLY A THN CROSS-SECTION OF THE STEM, T SHOWS A CENTRAL, GROUND TISSUE (PITH), WHOSE CELLS ARE LARGE ENOUGH TO BE SEEN EVEN WHEN
VERY SLIGHILY ENLARGED. SURROUNDING THS IS A RNG OF FIBRO-VASCUAR BUNDLES (L, fb.), APFEARNG WHTE AND OPAQUE, AND CONNECTED BY A MORE
TRANSPARENT TISSUE. OUTSIDE OF THE RNG OF FIBRO-VASCULAR BUNDLES IS THE GREEN GROUND TISSUE AND EPDERMS. C OVPARNG THS WITH THE SECTION OF THE
seedling pine stem, a resemblance is at once evident, and this arrangement was also noticed in the stem of the horse-tail.

BRANCHES ARE GVEN OFF FROM THE MAIN STEM, ARSING AT THE POINT WHERE THE LEAVES JON THE STEM (AXLLS OF THE LEAVES), AND THESE MAY IN TURN
BRANCH. ALL THE BRANCHES TERVINATE FINALLY IN AN ELONGATED INFLORESCENCE, AND THE SEPARATE FLOWERS ARE ATTACHED TO THE MAIN AXIS OF THE INFLORESCENCE
BY SHORT STALKS. THS FORM OF INFLORESCENCE IS KNOWN TECHNICALLY AS A “RACEVE.” EACH FLOWER IS REALLY A SHORT BRANCH FROM WHCH THE FLORAL LEAVES ARSE
IN PRECISELY THE SAME WAY AS THE FOLIAGE LEAVES DO FROM THE ORDINARY BRANCHES. THERE ARE FIVE SETS OF FLORAL LEAVES: |. FOUR OUTER PERGONE LEAVES
(sepals) (F), SVALL, GREEN, POINTED LEAVES TRAVERSED BY THREE SIMALE VENS, AND TOGETHER FORMNG THE CALYX; |l. FOUR LARGER WHITE, INNER PERIGONE LEAVES
(FETALS) ( G), BROAD AND SLIGHTLY NOTCHED AT THE END, AND TAFERNG TO THE FOINT OF ATTACHVENT. THE FETALS COLLECTIVELY ARE KNOWN AS THE “COROLLA." THE
VENS OF THE FETALS FORK ONCE, IIl. AND IV. TWO SETS OF STAMENS ( E), THE OUTER CONTAINNG TWO SHORT, AND THE INNER, FOUR LONGER ONES ARRANGED IN PAIRS.
EACH STAMEN HAS A SLENDER FLAVENT ( H, f) AND A TWO-LOBED ANTHER (- @n.). THE INNERVIOST SET CONSISTS OF TWO CARFELS UNITED INTO A COMPOULND ASTIL.
THE OVARY IS OBLONG, SLIGHTLY FLATTENED SO AS TO BE OVAL IN SECTION, AND DVIDED INTO TWO CHAMBERS. THE STYLE IS VERY SHORT AND TIFFED BY A ROUND,
flattened stigma.

THE RACEVE CONTINUES TO GROW FOR A LONG TIVE, FORVING NEW FLOWERS AT THE END, SO THAT ALL STAGES OF FLOWERS AND FRUT MAY OFTEN BE FOUND IN THE
same inflorescence.

THE FLOWERS ARE PROBABLY QUITE INDEFENDENT OF INSECT AID IN FOLLINATION, AS THE STAMENS ARE SO FLACED AS TO ALMOST INFALLIBLY SHED THER FOLLEN



upon the stigma. This fact, probably, accounts for the inconspicuous character of the flowers.

AFTER FERTILIZATION IS EFFECTED, AND THE OUTER FLORAL LEAVES FALL OFF, THE OVARY RAPDLY ENLARGES, AND BEOOVES HEART-SHAPED AND MUCH FLATTENED AT
RGHT ANGLES TO THE PARTITION. VWHEN RPE, EACH HALF FALLS AWAY, LEAVING THE SEEDS ATTACHED BY DELICATE STALKS (FUNICLLI, SING. FUNICULUS) TO THE EDGES OF
THE MEVBRANOUS PARTITION. THE SEEDS ARE SVALL, OVAL BODES WITH A SHNING, YELLOW-BROWN SHELL, AND WITH A LITTLE DENT AT THE BEND WHERE THE STALK IS
ATTACHED. CAREFULLY DVIDNG THE SEED LENGTHWISE, OR CRUSHNG IT IN WATER SO AS TO REVOVE THE EVBRYO, WE FIND IT OOCUPES THE WHOLE CAVITY OF THE
seed, the young stalk (st.) being bent down against the back of one of the cotyledons (f).

DA b

.94 —A, cross-section of the stem of the shepher’s-prse, ncluding a fibro-vascular bundle, x 150. ep. epidermis. m, ground tissue. sh. bundle sheath. ph. phloem. xy. xlem. . a
vessel. B, a young root seen in optical section, x 150. r, root cap. d, young epidermis. pb. ground. pl. young fibro-vascular bundle. C cross section of a small root, x 150. fb. fibro-vascular
bundle. D, epidermis from the lower side of the leaf, x 150. E, a star-shaped hair from the surface of the leaf, x 150. F, cross-section of a leaf, x 150. ep. epidermis. m, ground tissue. .
section of a vein.

A microscopic examination of a cross-section of the older root shows that the central portion is made up of radiating lines of thick-walled cells (fibres) interspersed with lines of
larger, round openings (vessels). There is a ring of small cambium cells around this merging into the phloem, which is composed of irregular cells, with pretty thick, but soft walls. The
ground tissue is composed of large, loose cells, which in the older roots are often ruptured and partly dried up. The epidermis is usually indistinguishable in the older roots. To
understand the early structure of the roots, the smallest rootlets obtainable should be selected. The smallest are so transparent that the tips may be mounted whole in water, and will
show very satisfactorily the arrangement of the young tissues. The tissues do not here arise from a single, apical cell, as we found in the pteridophytes, but from a group of cells (the
shaded cells in Fig. 94, B). The end of the root, as in the fern, is covered with a root cap (r) composed of successive layers of cells cut off from the growing point. The rest of the root
shows the same division of the tissues into the primary epidermis (dermatogen) (d), young fibro-vascular cylinder (plerome) (p/.), and young ground tissue (periblem) (pb.). The structure
of the older portions of such a root is not very easy to study, owing to difficulty in making good cross-sections of so small an object. By using a very sharp razor, and holding perfectly
straight between pieces of pith, however, satisfactory sections can be made. The cells contain so much starch as to make them almost opaque, and potash should be used to clear
them. The fibro-vascular bundle is of the radial type, there being two masses of xlem (xy.) joined in the middle, and separating the two phloem masses (ph.), some of whose cells are
rather thicker walled than the others. The bundle sheath is not so plain here as in the fern. The ground tissue is composed of comparatively large cells with thickish, soft walls, that
contain much starch. The epidermis usually dies while the root is still young. In the larger roots the early formation of the cambium ring, and the irregular arrangement of the tissues
derived from its growth, soon obliterate all traces of the primitive arrangement of the tissues. Making a thin cross-section of the stem, and magnifying strongly, we find bounding the
section a single row of epidermal cells (Fig. 94, A, ep.) whose walls, especially the outer ones, are strongly thickened. Within these are sewveral rows of thin-walled ground-tissue cells
containing numerous small, round chloroplasts. The innermost row of these cells (sh.) are larger and have but little chlorophyll. This row of cells forms a sheath around the ring of fibro-
vascular bundles very much as is the case in the horse-tail. The separate bundles are nearly triangular in outline, the point turned inward, and are connected with each other by masses
of fibrous tissue (f), whose thickened walls have a peculiar, silvery lustre. Just inside of the bundle sheath there is a row of similar fibres marking the outer limit of the phloem (ph.). The
rest of the phloem is composed of very small cells. The xylem is composed of fibrous cells with yellowish walls and numerous large vessels (tr.). The central ground tissue (pith) has
large, thin-walled cells with numerous intercellular spaces, as in the stem of Erythronium. Some of these cells contain a few scattered chloroplasts in the very thin, protoplasmic layer
lining their walls, but the cells are almost completely filled with colorless cell sap.

Alongitudinal section shows that the epidermal cells are much elongated, the cells of the ground tissue less so, and in both the partition walls are straight. In the fibrous cells, both
of the fibro-vascular bundle and those lying between, the end walls are strongly oblique. The tracheary tissue of the xlem is made up of small, spirally-marked vessels, and larger ones
with thickened rings or with pits in the walls. The small, spirally-marked vessels are nearest the centre, and are the first to be formed in the young bundle.

The epidermis of the leaves is composed of irregular cells with wawy outlines like those of the ferns. Breathing pores, of the same type as those in the ferns and monocotyledons,
are found on both surfaces, but more abundant and more perfectly developed on the lower surface of the leaf. Owing to their small size they are not specially favorable for study. The
epidermis is sparingly covered with unicellular hairs, some of which are curiously branched, being irregularly star-shaped. The walls of these cells are very thick, and hawe little
protuberances upon the outer surface (Fig. 93, E).

Cross-sections of the leaf may be made between pith as already directed; or, by folding the leaf carefully several times, the whole can be easily sectioned. The structure is
essentially as in the adder-tongue, but the epidermal cells appear more irregular, and the fibro-vascular bundles are better developed. They are like those of the stem, but somewhat
simpler. The xylem lies on the upper side.

The ground tissue is composed, as in the leaves we have studied, of chlorophyll-bearing, loose cells, rather more compact upon the upper side. (In the majority of dicotyledons the
upper surface of the leaves is nearly or quite destitute of breathing pores, and the cells of the ground tissue below the upper epidermis are closely packed, forming what is called the
“palisade-parenchyma” of the leaf.)



.95—A-D, successive stages in the development of the flower of Capsella, x 50. A, surface view. B-D, optical sections. s, sepals, p, petals. an. stamens. gy. pistil. E, cross-section of the
young anther, x 180. sp. spore mother cells. F, cross-section of full-grown anther. sp. pollen spores, x 50. F, four young pollen spores, x 300. F", pollen spores germinating upon the
stigma, x 300. pt. pollen tube. G, young pistil in optical section, x 25. H, cross-section of a somewhat older one. ov. owles. /-L, development of the owile. sp. embryo sac (macrospore).
I-K; x 150. L, x 50. M, embryo sac of a full-grown owile, x 150. Sy. Synergidze. o, egg cell. n, endosperm nucleus. ant. antipodal cells. N-Q, development of the embryo, x 150. sus.
SUSPeNsor.

The shepherd’s-purse is an admirable plant for the study of the development of the flower which is much the same in other angiosperms. To study this, itis only necessary to teaze
out, in a drop of water, the tip of a raceme, and putting on a cover glass, examine with a power of from fifty to a hundred diameters. In the older stages it is best to treat with potash, which
will render the young flowers quite transparent. The young flower (Fig. 95, A) is at first a little protuberance composed of perfectly similar small cells filled with dense protoplasm. The first
of the floral leaves to appear are the sepals which very early arise as four litfle buds surrounding the young flower axs (Fig. 95, A, B). The stamens (C, an.) next appear, being at first
entirely similar to the young sepals. The petals do not appear until the other parts of the flower have reached some size, and the first tracheary tissue appears in the fibro-vascular bundle
of the flower stalk (D). The carpels are more or less united from the first, and form at first a sort of shallow cup with the edges turned in (D, gy.). This cup rapidly elongates, and the cavity
enlarges, becoming completely closed at the top where the short style and stigma dewelop. The owles arise in two lines on the inner face of each carpel, and the tissue which bears
them (placenta) grows out into the cavity of the ovary until the two placentse meet in the middle and form a partition completely across the ovary (Fig. 95, H).

The stamens soon show the differentiation into filament and anther, but the former remains very short until immediately before the flowers are ready to open. The anther dewvelops
four sporangia (pollen sacs), the process being very similar to that in such pteridophytes as the club mosses. Each sporangium (Fig. E, F) contains a central mass of spore mother
cells, and a wall of three layers of cells. The spore mother cells finally separate, and the inner layer of the wall cells becomes absorbed much as we saw in the femn, and the mass of
mother cells thus floats free in the cavity of the sporangium. Each one now divides in precisely the same way as in the ferns and gymnosperms, into four pollen spores. The anther
opens as described for Erythronium.

By carefully picking to pieces the young ovaries, owles in all stages of development may be found, and on account of their small size and transparency, show beautifully their
structure. Being perfectly transparent, it is only necessaryto mount them in water and cover.

The young owlle (/, J) consists of a central, elongated body (nucellus), having a single layer of cells enclosing a large central cell (the macrospore or embryo sac) (sp.). The base of
the nucellus is surrounded by two circular ridges (i, ii) of which the inner is at first higher than the outer one, but later (K; L), the latter grows up abowve it and completely conceals it as well
as the nucellus. One side of the owle grows much faster than the other, so that itis completely bent upon itself, and the opening between the integuments is brought close to the base of
the owlle (Fig. 95, L). This opening is called the “micropyle,” and allows the pollen tube to enter.

The full-grown embryo sac shows the same structure as that already described in Monotropa (page 276), but as the walls of the full-grown owle are thicker here, its structure is
rather difficult to make out. The ripe stigma is covered with little papillee (Fig. 95, F) that hold the pollen spores which may be found here sending out the pollen tube. By carefully opening
the ovary and slightly crushing itin a drop of water, the pollen tube may sometimes be seen growing along the stalk of the owle until it reaches and enters the micropyle.

To study the embryo a series of young fruits should be selected, and the owles carefully dissected out and mounted in water, to which a litle caustic potash has been added. The
owle will be thus rendered transparent, and by pressing gently on the cover glass with a needle so as to flatten the owle slightly, there is usually no trouble in seeing the embryo lying in
the upper part of the embryo sac, and by pressing more firmly it can often be forced out upon the slide. The potash should now be removed as completely as possible with blotting paper,
and pure water run under the cover glass.

The fertilized egg cell first secretes a membrane, and then divides into a row of cells () of which the one nearest the micropyle is often much enlarged. The cell at the other end next
enlarges and becomes divided by walls at right angles to each other into eight cells. This globular mass of cells, together with the cell next to it, is the embryo plant, the row of cells to
which it is attached taking no further part in the process, and being known as the “suspensor.” Later the embryo becomes indented above and forms two lobes (Q), which are the
beginnings of the cotyledons. The first root and the stem arise from the cells next the suspensor.



CHAPTER XVIil.
CLASSIFICATION OF DICOTYLEDONS.

Division |.—Choripetalee.

NEARLY ALL OF THE DICOTYLEDONS MAY BE FLACED IN ONE OF TWO GREAT DIVISIONS DISTINGUSHED BY THE CHARACTER OF THE FETALS. IN THE FIRST GROUP, CALLED
Choripetalae, THE FETALS ARE SEPARATE, OR IN SOVE DEGENERATE FORMS ENTIRELY ABSENT. AS FAMLIAR EXAMALES OF THS GROUP, WE MAY SELECT THE
buttercup, rose, pink, and many others.



Fig. 96.—ulifloree. A, male; B, female inflorescence of a willow, Salix (Amentaceee), x V2. C, a single male flower, x 2. D, a female flower, x 2. E, cross-section of the ovary, x 8. F, an
opening fruit. G, single seed with its hairy appendage, x 2.

THE SECOND GROWP( Symipetalae or Gamopetalae) COMPRSES THOSE DICOTYLEDONS WHOSE FLOAERS HAVE THE FETALS MORE OR LESS COMPLETELY UNITED
into a tube. The honeysuckles, mints, huckleberry, lilac, etc., are familiar representatives of the Sympetalae, which includes the highest of all plants.
THE Choripetalae MAY BE DVIDED INTO SIX GROUPS, INCLUDNG TWENTY-TWO ORDERS. THE FIRST GROUP IS CALLED lulifloree, AND CONTAINS NUVEROUS,
FAMLIAR FLANTS, MOSTLY TREES. IN THESE FLANTS, THE FLOWERS ARE SMALL AND INCONSPICUOUS, AND USUALLY CROWDED INTO DENSE CATKINS, AS IN WILLOWS
Fig. 96) AND FOPLARS, OR IN SPKES OR HEADS, AS IN THE LIZARD-TAL ( Fig. 97, G), oRHoP ( Fig. 97, /). THE INDVIDUAL FLOAERS ARE VERY SMALL  AND SIVALE IN
STRUCTURE, BENG OFTEN REDUCED TO THE GYNCECUM OR ANDRAECIUM, CARPELS AND STAVENS BEING ALMOST ALWAYS IN SEPARATE FLOWERS. THE OUTER LEAVES OF
the flower (sepals and petals) are either entirely wanting or much reduced, and never differentiated into calyx and corolla.

.97 —Types of luliflorae. A, branch of hazel, Corylus (Cupuliferee), x 1. &, male; @, female inflorescence. B, a single male ﬂow:-:-r, x 3. C, section of the ovary of a female flower, x 25. D,
acorn of red oak, Quercus (Cupuliferse), x 2. E, seed of white birch, Betula (Betulaceze), x 3. F, fruit of horn-bean, Carpinus (Cupuliferae), x 1. G, lizard-tail, Saururus (Saurureae), x Ya. H, a
single flower, x 2. /, female inflorescence of the hop, Humulus (Cannabineae), x 1. J, a single scale with two flowers, x 1. K, a male flower of a nettle, Urtica (Urticaceee), x 5.

IN THE WILLOWS (Fig. 96) THE STAMENS ARE BRGHT-OOLORED, SO THAT THE FLOWERS ARE QUITE SHOWY, AND ATTRACT NUVEROUS INSECTS WHICH VISIT THEM FOR
POLLEN AND NECTAR, AND SERVE TO CARRY THE POLLEN TO THE PISTILLATE FLOWERS, THUS INSURNG THER FERTILZATION. IN THE MAJORITY OF THE GROLP, HOWVEVER, THE
FLONVERS ARE WIND-FERTILIZED. AN EXCELLENT EXAMPLE OF THS IS SEEN IN THE COMMON HAZEL ( Fig. 97, A). THE MALE FLOWERS ARE PRODUCED N GREAT ~ numbers
IN DROOPING CATKINS AT THE ENDS OF THE BRANCHES, SHEDDING THE POLLEN IN EARLY SPRNG BEFORE THE LEAVES UNFOLD. THE FEMALE FLOAVERS ARE FRODUCED ON
THE SAME BRANCHES, BUT LOWER DOWN, AND IN MUCH SMALLER NUVBERS. THE STIGVAS ARE LONG, AND OOVERED WITH MINUTE HAIRS THAT CATCH THE POLLEN WHICH
is shaken out in clouds every time the plant is shaken by the wind, and falls in a shower over the stigmas. A similar arrangement is seen in the oaks,
hickories, and walnuts.

THERE ARE THREE ORDERS OF THE  lullifloree: Amentaceee, Piperinege, AND Urticinge. THE FIRST CONTAINS THE BROHES ( Betulaceae); OAKS, BEECHES,
hazels, etc. (Cupuliferae); WALNUTS AND HOKORES (- Juglandeae); WILLOWS AND FORLARS ( Salicaceae). THEY ARE ALL TREES OR SHRUBS; THE FRUIT IS OFTEN A NUT,
and the embryo is very large, completely filling it.

THE Piperineae ARE MOSTLY TROPCAL FLANTS, AND INCLUDE THE PEPFER FLANT ( Piper), AS WELL AS OTHER FLANTS WITH SIMLAR FROPERTIES. OF OLR NATVE
FORMS, THE ONLY COMMON ONE IS THE LIZARD-TALL ( Saururus), NOT UNCOMMON IN SWAMPY GROUND. IN THESE FLANTS, THE CALYX AND COROLLA ARE ENTIRELY ABSENT,



but the flowers have both carpels and stamens (Eig. 97, H).

THE Urticinge INCLUDE, AMONG OUR COMMON PLANTS, THE NETTLE FAMLY ( Urticaceee); RLANE FAMLY ( Platanese), REFRESENTED BY THE SYCAMORE OR
BUTTONWOOD ( Platanus); THe HBWP FAMLY ( Cannabinese); AND THE EIM FAMLY ( Ulmaceae). THE FLOMERS USUALLY HAVE A CALYX, AND MAY HAVE ONLY
STAMENS OR CARFELS, OR BOTH. S OVETIVES THE PART OF THE STEM BEARNG THE FLOWERS MAY BECOVE ENLARGED AND JUICY, FORVING A FRUT-LIKE STRUCTURE. WELL-
known examples of this are the fig and mulberry.

THE SECOND GROWP OF THE  Choripetalee is called Centrospermae, AND INCLUDES BUT A SINGLE ORDER COMPRISING SEVEN FAMLIES, ALL OF WHCH, EXCEPT
one (Nyctagineage), ARE REPRESENTED BY NUVEROUS NATIVE SPECES. THE LATTER OOVPRISES MOSTLY TROPICAL PLANTS, AND IS REPRESENTED IN OUR GARDENS BY
THE SHOWY “FOUR-OCLOK’ ( Mirabilis). IN THS FLANT, AS IN MOST OF THE ORDER, THE COROLLA IS ABSENT, BUT HERE THE CALYX IS LARGE AND BRGHTLY COLORED,
RESEMBLING CLOSELY THE COROLLA OF A MORNNG-GLORY OR PETUNIA. THE STAMENS ARE USUALLY MORE NUVEROUS THAN THE SEPALS, AND THE ASTL, THOUGH
composed of several carpels, has, as a rule, but a single cavity with the ovules arising from the base, though sometimes the ovary is several celled.

.98.—Types of Centrospermae. A, plant of spring-beauty, Claytonia (Portulacaceee), x 2. B, a single flower, x 1. C, fruit, with the sepals remowed, x 2. D, section of the seed, showing the
curved embryo (em.), x 5. E, single flower of smart-weed, Polygonum (Polygonaceee), % 2. F, the pistil, x 2. G, section of the ovary, showing the single owle, x 4. H, section of the seed,
x 2.1, base of the leaf, showing the sheath, x 1. J, flower of pig-weed, Chenopodium (Chenopodiaceee), * 3:i, from without; i, in section. K, flower of the poke-weed, Phytolacca
(Phytolaccaceae), x 2.L, fire-pink, Silene (Caryophyllaceaze), x 2. M, a flower with half of the calyx and corolla removed, x 1. N, ripe fruit of mouse-ear chick-weed, Cerastium
(Caryophyllaceee), opening by ten teeth at the summit, x 2. O, diagram of the flower of Silene.

THE FIRST FAMLY ( Polygoneae) IS REPRESENTED BY THE VARIOUS SPECES OF Polygonum (KNOTGRASS, SMART-WEED, ETC.), AND AMONG CULTIVATED FLANTS
BY THE BUCKWHEAT ( Fagopyrum). THE GOOSE-FOOT OR IGWEED ( Chenopodium) AMONG NATIVE PLANTS, AND THE BEET AND SPINACH OF THE GARDENS ARE
EXAMALES OF THE FAMLY ~ Chenopodiaceae. NEARLY RESEVBLING THE LAST IS THE AMARANTH FAMLY ( Amarantaceae), OF WHCH THE SHOAY AMARANTHS AND
coxcombs of the gardens, and the coarse, green amaranth or pig-weed are representatives.

The poke-weed (Phyfolacca) (Fig. 98, K), SO CONSPICUOUS IN AUTUVN ON ACCOUNT OF ITS DARK-PURFLE CLUSTERS OF BERRES AND CRIVSON STALKS, IS OLR
ONLY REFRESENTATVE OF THEFAMLY  Phytolaccaceae. THE TWO HGHEST FAMLIES ARE THE PURSLANE FAMLY ( Portulacaceae) AND AINK FAMLY ( Caryophylleze).

THESE ARE MOSTLY FLANTS WITH SHOWY FLOWERS IN WHCH THE PETALS ARE LARGE AND OCONSPICUOUS, THOUGH SOVE OF THE PINK FAMLY, €.g. SOVE CHCK-WEEDS,
HAVE NO PETALS. OF THE PURSLANE FAMLY THE PORTULACAS OF THE GARDENS, AND THE COMVON PURSLANE OR “PUSLEY,” AND THE SPRNG-BEAUTY ( Claytonia)
(Fig. 98, A) ARE THE COMMONEST EXAMPLES. THE PNK FAMLY IS REFRESENTED BY MANY COMVON AND OFTEN SHOWY PLANTS. THE CARNATION, JAPANESE

PINKS, AND SWEET-WILLIAM, ALL BELONGING TO THE GENUS Dianthus, oF WHCH THERE ARE ALSO TWO OR THREE NATIVE SPECIES, ARE AMONG THE SHOWEST OF THE

FAMLY. THEGENERA  Lychnis and Silene (Fig. 98, L) ALSO CONTAN VERY SHOWY SFECES. OF THE LESS CONSPICUOUS GENERA, THE CHICK-WEEDS ( Cerastium

and Stellaria) are the most familiar.
THE THRD GROWP OF THE  Choripetalae (THe Aphanocyclee) IS A VERY LARGE ONE AND INCLUDES MANY COMMON FLANTS DISTRBUTED AMONG FIVE ORDERS.
THE LOWER ONES HAVE ALL THE PARTS OF THE FLOAER ENTIRELY SEPARATE, AND OFTEN INDEFINITE IN NUVBER; THE HGHER HAVE THE GYNCECIUM COMPOSED OF TWO OR
more carpels united to form a compound pistil.
THE FIRST ORDRR ( Polycarpae) INCLUDES TEN FAMLIES, OF WHOH THE BUTTEROUP FAMLY ( Ranunculacege) Is THE MOST FAMLIAR. THE PLANTS OF THS FAMLY
SHOW MUCH VARATION IN THE DETALS OF THE FLOWERS, WHCH ARE USUALLY SHOWY, BUT THE GENERAL FLAN IS MUCH THE SAME. IN SOVE OF THEM, LIKE THE
anemones (Fig. 99, A), CLBVATIS, AND OTHERS, THE COROLLA IS ABSENT, BUT THE SEPALS ARE LARGE AND BRGHTLY OOLORED SO AS TO AFPEAR LIKE FETALS. INTHE
columbine (Aquilegia) (Fig. 99, F) the petals are tubular, forming nectaries, and in the larkspur (Fig. 99, T) one of the sepals is similarly changed.
REFRESENTING THE CUSTARD-AFFLEFAMLY ( Anonaceae) IS THE CUROUS PAPAW ( Asimina), COMMON IN MANY PARTS OF THE UNITED STATES ( Fig. 100, A).
The family is mainly a tropical one, but this species extends as far north as southern Michigan.



.99.—Types of Aphanocyclae (Polycarpee), family Ranunculaceae. A, Rue anemone (Anemonilla), % /2. B, a fruit, x 2. C, section of the same. D, section of a buttercup flower (Ranunculus),
x 1% E, diagram of buttercup flower. F, wild columbine (Aquilegia), x 2. G, one of the spur-shaped petals, x 1. H, the five pistils, x 1./, longitudinal section of the fruit, x 1. J, flower of
larkspur (Delphinium), x 1. K; the four petals and stamens, after the removal of the five colored and petal-like sepals, x 1.

THE MAGNOLIA FAMLY ( Magnoliaceae) HAS SEVERAL COMMON MEVBERS, THE MOST WIDELY DISTRBUTED BEING, PERHAPS, THE TULIP-TREE ( Liriodendron)
(EFig. 100, C), MUCH VALUED FOR TS TIVBER BESIDES THS THERE ARE SEVERAL SPECES OF MAGNOLIA, THE MOST NORTHERLY SPECES BENG THE SWEET-BAY
(Magnolia glauca) oF THE ATLANTIC STATES, AND THE CUOIWBERTREE (M. acuminata); THE GREAT MAGNOLIA (- M. grandiflora) 1S NOT HARDY IN THE NORTHERN
states.

THE SWEET-SORNTED SHRB ( Calycanthus) (Eig. 100, G) iIs THE ONLY MEVBER OF THEFAMLY  Calycanthaceae FOUND WITHN OLR LIMTS. IT GROWS WILD IN
the southern states, and is cultivated for its sweet-scented, dull, reddish flowers.

.100.—Types of Aphanocyclae (Polycarpee). A, branch of papaw, Asimina (Anonaceze), x V. B, section of the flower, x 1. C, flower and leaf of tulip-tree, Liriodendron (Magnoliaceee), x 5.
D, section of a flower, x V. E, aripe fruit, x 1. F, diagram of the flower. G, flower of the sweet-scented shrub, Calycanthus (Calycanthaceae), x /2

THE BARBERRY ( Berberis) (Eig. 101, A) IS THE TYFE OF THE FAMLY Berberidege, WHCH ALSO INCLUDES THE CUROUS MANDRAKE OR MAY-AFPLE

(Podophyllum) (Eig. 101, D), AND THE TWIN-LEAF OR RHEUVATISM-ROOT ( Jeffersonia), WHOSE CLROUS SEED VESSHL IS SHOWN IN Figure 101, G. THE FRUT OF
the barberry and may-apple are edible, but the root of the latter is poisonous.

THE CUROUS WOODY TWINER, MOON-SEED ( Menispermum) (Eig. 101, /), 1S THE SOLE EXAMPLE IN THE NORTHERN STATES OF THE FAMLY Menispermeae 10



WHICH IT BELONGS. THE FLOWERS ARE DICECIOUS, AND THE RISTILLATE FLOWERS ARE SUCCEEDED BY BLACK FRUITS LOOKING LIKE GRAPES. THE FLATTENED, BONY SEED IS
curiously sculptured, and has the embryo curled up within it.

.101.—Types of Aphanocycleae (Polycarpze). A-H, Berberidaceae. A, flower of barberry (Berberis), x 2. B, the same in section. C, a stamen, showing the method of opening, x 3. D, flower
of may-apple (Podophyllum), x . E, section of the ovary of D, x 1. F, diagram of the flower. G, ripe fruit of twin-leaf (Jeffersonia), opening by a lid, x 4. H, section of seed, showing the
embryo (em.), x 2. /, young leaf and cluster of male flowers of moon-seed, Menispermum (Menispermeze), % 1. J, a single male flower, x 2. K, section of a female flower, x 2. L, ripe seed,
x 1. M, section of L, showing the curved embryo.

The last two families of the order, the laurel family (Laurineae) and the nutmeg family (Myristicineae) ARE MOSTLY TROPICAL FLANTS, CHARACTERZED BY
THE FRAGRANCE OF THE BARK, LEAVES, AND FRUT. THE FORVER IS REPRESENTED BY THE SASSAFRAS AND SPICE-BUSH, COMMON THROUGHOUT THE EASTERN UNTED

STATES. THE LATTER HAS NO MEVBERS WITHN OUR BORDERS, BUT IS FAMLIAR TO ALL THROUGH THE COMMON NUTMVEG, WHCH IS THE SEED OF Moyristica fragrans oF
the East Indies. “Mace” is the “aril” or covering of the seed of the same plant.
THE SECOND ORDER OF THE - Aphanocyclae OOVPRISES A NUVBER OF AQUATIC FLANTS, MOSTLY OF LARGE SIZE, AND IS KNOWN AS THE Hydropeltidinge. THe

FLOWERS AND LEAVES ARE USUALLY VERY LARGE, THE LATTER USUALLY NEARLY ROUND IN OUTLINE, AND FREQUENTLY WITH THE STALK INSERTED NEAR THE MDDLE. THE LEAVES
of the perigone are numerous, and sometimes merge gradually into the stamens, as we find in the common white water-lily (Castalia).

| 5
.102.—Types of Aphanocyclee (Hydropeltidinge). A, yellow water-lily, Nymphaea (Nymphaeaceze), x ». B, a leaf of the same, x ¥. C, freshly opened flower, with the large petal-like sepals

removed, x Y. p, petals. an. stamens. st. stigma. D, section of the ovary, x 2. E, young fruit, x 2. F, lotus, Nelumbo (Nelumbieae). % V6. G, a stamen, x 1. H, the large receptacle, with the
separate pistils sunk in its surface, x %%. /, section of a single pistil, x 2. ov. the owle. J, upper part of a section through the stigma and owule (ov.), x 4.

THERE ARE THREE FAMLIES, ALL REPRESENTED WITHN THE UNITED S TATES. THE FIRST ( Nelumbieae) HAS BUT A SINGLE SFECEES, THE YELLOW LOTUS OR NELUVBO



(Nelumbo lutea), COMVON IN THE WATERS OF THE WEST AND SOUTHWEST, BUT RARE EASTWARD ( Fig. 101, F). IN THS FLOWER, THE END OF THE FLOWER AXIS IS MUCH
ENLARGED, LOOKING LIKE THE ROSE OF A WATERNG-FOT, AND HAS THE LARGE, SEPARATE CARPELS BVBEDDED IN ITS UPPER SURFACE. W HEN RIFE, EACH FORMS A NUT-
LIKE FRUT WHCH IS EDBLE. THERE ARE BUT TWO SPECES OF Nelumbo KNOMN, THE SECOND ONE (V. Speciosa) BENG A NATVE OF SOUTHEASTERN ASIA, AND
PROBABLY FOUND IN ANCIENT TIVES IN E GYPT, AS T IS REFRESENTED FREQUENTLY IN THE PICTURES AND CARVINGS OF THE ANCIENT E GYPTIANS. IT DIFFERS MAINLY FROM
OUR SPECEES IN THE COLOR OF ITS FLOWERS WHCH ARE RED INSTEAD OF YELLOW. |T HAS RECENTLY BEEN INTRODUCED INTO NEW JERSEY WHERE IT HAS BEOOMVE WELL
established in several localities.

THE SECOND FAMLY (- Cabombeae) 1S ALSO REFRESENTED AT THE NORTH BY BUT ONE SPECES, THE WATER SHELD ( Brasenia), NOT UNCOMVON IN MARSHES.
ITS FLOWERS ARE QUITE SMALL, OF A DULL-PURPLE OOLOR, AND THE LEAVES OVAL IN OUTLINE AND CENTRALLY FELTATE, /.. THE LEAF STALK INSERTED IN THE CENTRE. THE
whole plant is covered with a transparent gelatinous coat.

THE THRD FAMLY ( Nymphaeaceae) INCLUDES THE COMVON WHITE WATER-LILIES ( Castalia) AND THE YELLOW WATER-LLIES ( Nympheea) (Eig. 102, A). INTHE
LATTER THE FETALS ARE SMALL AND INCONSPCUOUS ( Fig. 102, C, p), BUT THE SEPALS ARE LARGE AND SHOWY. IN THS FAMLY THE CARFELS, INSTEAD OF BENG
SEPARATE, ARE UNITED INTO A LARGE COMPOUND PISTIL. THE WATER-LILIES REACH THER GREATEST PERFECTION IN THE TROPICS, WHERE THEY ATTAIN AN ENORMOUS SIZE,

THE WHTE, BLUE, OR RED FLOWERS OF SOME SPECES BENG THRTY CENTIVETRES OR MORE IN DIAMETER, AND THE LEAVES OF THE GREAT Victoria regia oF TH
Amazon reaching two metres or more in width.
THE THRD ORDER OF THE Aphanocyclae (Rhoeadinae orR Cruciflorae) COMPRSES A NUVBER OF COMMON FLANTS, PRNOPALLY CHARACTERZED BY HAVING

the parts of the flowers in twos or fours, so that they are more or less distinctly cross-shaped, whence the name Crucifloree.

THERE ARE FOUR FAMLIES, OF WHCH THE FIRST IS THE POPPY FAMLY ( Papaveraceae), INCLUDNG THE POFFIES, ESCHSCHOLTZIAS, MEXICAN OR PRCKLY FOPPY
(Argemone), EIC., OF THE GARDENS, AND THE BLOOD-ROOT ( Sanguinaria), CHANDNE FOFPY (- Stylophorum), AND A FEV OTHERWLD ALANTS (SEE - Fig. 103, A—
/). MOST OF THE FAMLY HAVE A OOLORED JUICE (LATEX), WHCH IS WHITE IN THE FOPPY, YELLOW IN CELANDINE AND Argemone, AND ORANGE-RED IN THE BLOOD-ROCT.
From the latex of the opium poppy the opium of commerce is extracted.
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. 103.—Types of Aphanocyclae (Rhoedinze). A, plant of blood-root, Sanguinaria (Papaveraceze), * V4. B, a single flower, x 1. C, fruit, x 2 D, section of the seed. em. embryo, x 2. E, diagram
of the flower. F, flower of Dutchman’s breeches, Dicentra (Fumariaceae), x 1. G, group of three stamens of the same, x 2. H, one of the inner petals, x 2. /, fruit of celandine poppy,
Stylophorum (Papaveraceee), x V. J, flower of mustard, Brassica (Cruciferee), x 1. K, the same, with the petals removed, x 2. L, fruit of the same, x 1.

The second family, the fumitories (Fumariaceae) ARE DELICATE, SMOOTH FLANTS, WITH CURIOUS FLOWERS AND COMPOUND LEAVES. THE GARDEN BLEEDNG-
heart (Dicentra spectabilis) and the pretty, wild Dicentras (Eig. 103, F) are familiar to nearly every one.
OTHER EXAMPLES ARE THE MOUNTAIN FRINGE ( Adlumia), A OLMBING SPECES, AND SEVERAL SPECEES OF Corydalis, DFFERNG MANLY FROM  Dicentra N
having the corolla one-sided.
THE MUSTARD FAMLY ( Cruciferae) OOVPRISES BY FAR THE GREATER PART OF THE ORDER. THE SHEFHERD S-PURSE, ALREADY STUDIED, BELONGS HERE, AND MAY
BE TAKEN AS A TYPE OF THE FAMLY. THERE IS GREAT UNIFORMITY IN ALL AS REGARDS THE FLOWERS, SO THAT THE CLASSIFICATION IS BASED MAINLY ON DIFFERENCES IN THE
FRUT AND SEEDS. MANY OF THE MOST VALUABLE GARDEN VEGETABLES, AS WELL AS A FEW MORE OR LESS VALUABLE WILD FLANTS, ARE VEVBERS OF THE FAMLY, WHCH,
HOWEVER, INCLUDES SOME TROUBLESOME WEEDS. C ABBAGES, TURNIPS, RADISHES, WITH ALL THER VARETIES, BELONG HERE, AS WELL AS NUVEROUS SFEOES OF WILD
cresses. A few like the wall-flower (Cheiranthus) and stock (Matthiola) are cultivated for ornament.
THE LAST FAMLY IS THE CAFER FAMLY (  Capparideae), REFRESENTED BY ONLY A FEA NOT COMMON FLANTS. THE TYPE OF THE ORDER IS Cappatris, WHOSE
pickled flower-buds constitute capers.
THE FORTH ORDRR ( Cistiflorae) oF THe Aphanocyclee 1S A VERY LARGE ONE, BUT THE MAJORITY OF THE SIXTEEN FAMLIES INCLUDED IN IT ARE NOT REPRESENTED
within our limits. The flowers have the sepals and petals in fives, the stamens either the same or more numerous.
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. 104 —Types of Aphanocyclee (Cistiflorse). A, flower of wild blue violet, Viola (Violaceee), % 1. B, the lower petal prolonged behind into a sac or spur, x 1. C, the stamens, x 2. D, pistil, x 2.
E, aleaf, x 2. F, section of the ovary, x 2. G, the fruit, x 1. H, the same after it has opened, x 1. /, diagram of the flower. J, flower of mignonette, Reseda (Resedaceee), x 2. K, a petal, x 3. L,
cross-section of the ovary, x 3. M fruit, x 1. N, plant of sundew, Drosera (Droseraceze), x 2. O, a leaf that has captured a mosquito, x 2. P, flower of another species (D. filiformis), x 2. Q,
cross-section of the ovary, x 4.

AMONG THE COMMONER MEVBERS OF THE ORDER ARE THE MGNONETTES ( Resedaceae) AND THE VIOLETS ( Violaceae), OF WHCH THE VARIOUS WILD AND
CULTIVATED SPECES ARE FAMLIAR RLANTS (- Fig. 104, A, M). The sundews (Droseraceae) ARE MOST EXTRACRDINARY FLANTS, GROWING IN BOGGY LAND OVER PRETTY
much the WHOLE WORLD. THEY ARE REFRESENTED IN THE UNITED S TATES BY SEVERAL SPECIES OF SUNDEW ( Drosera), AND THE STILL MORE CURIOUS V ENUS' S-FLYTRAP
(Dionaea) oF NORTH CAROLINA. THE LEAVES OF THE LATTER ARE SENSTIVE, AND COMPOSED OF TWO PARTS WHCH SNAP TOGETHER LIKE A STEEL TRAP. IF AN INSECT
LIGHTS UPON THE LEAF, AND TOUCHES CERTAIN HAIRS UFON ITS UPPER SURFACE, THE TWO PARTS SNAP TOGETHER, HOLDING THE INSECT TIGHTLY. A DIGESTIVE FLUD IS
SECRETED BY GLANDS UPON THE INNER SURFACE OF THE LEAF, AND IN A SHORT TIME THE CAPTURED INSECT IS ACTUALLY DIGESTED AND ABSORBED BY THE LEAVES. THE
SANME PROCESS TAKES PLACE IN THE SUNDEW ( Fig. 104, N) WHRE, HOMEVER, THE MECHANISM IS SOVEAHAT DIFFERENT. HERE THE TENTACLES, WITH WHICH THE
LEAF IS STUDDED, SECRETE A STICKY FLUD WHCH HOLDS ANY SMALL INSECT THAT MAY LIGHT UPON IT. THE TENTACLES NOW SLOWLY BEND INWARD AND FINALLY THE EDGES
OF THE LEAF AS WELL, UNTIL THE CAPTURED INSECT IS FIRMLY HELD, WHEN A DIGESTIVE PROCESS, SIMLAR TO THAT N Dioncea, TAKES ALACE THS CUROUS HABIT IS
PROBABLY TO BE EXPLAINED FROM THE POSITION WHERE THE FLANT GROWS, THE ROOTS BENG IN WATER WHERE THERE DOES NOT SEEM TO BE A SUFFICENT SUFFLY OF
nitrogenous matter for the wants of the plant, which supplements the supply from the bodies of the captured insects.

)

.105.—Types of Aphanocyclae (Cistifloree). A, B, leaves of the pitcher-plant, Sarracenia (Sarraceniaceae). A, from the side; B, from in front, x %% C, St. John’s-wort (Hypericum), x 2. D, a
flower, x 1. E, the pistil, x 2. G, cross-section of the ovary, x 4. H, diagram of the flower.

SIMLAR IN THER HABITS, BUT DIFFERNG MUCH IN AFFEARANCE FROM THE SUNDBWS, ARE THE PITCHER-FLANTS ( Sarraceniaceae), OF WHCH ONE SFECES
(Sarracenia purpurea) 1S VERY COMMON IN PEAT BOGS THROUGHOUT THE NORTHERN UNITED STATES. IN THS SPECES ( Fig. 105, A, B), THE LEAVES FORM A

ROSETTE, FROM THE CENTRE OF WHCH ARSES IN EARLY SUMVER A TALL STALK BEARING A SINGLE, LARGE, NODDING, DARK-REDDISH FLOWER WITH A CURIOUS UVBRALLA-
SHAPED PISTIL. THE LEAF STALK IS HOLLOW AND SWOLLEN, WITH A BROAD WING ON ONE SIDE, AND THE BLADE OF THE LEAF FORMS A SORT OF HOOD AT THE TOP. THE



INTEROR OF THE PITCHER IS OOVERED ABOVE WITH STIFF, DOWNWARD-POINTING HAIRS, WHILE BELOW T IS VERY SMOOTH. INSECTS READLY ENTER THE AITCHER, BUT ON
ATTEMPTING TO GET OUT, THE SMOOTH, SLIFFERY WALL AT THE BOTTOM, AND THE STIFF, DOWNWARD-DIRECTED HAIRS ABOVE, PREVENT THER ESCAFE, AND THEY FALL INTO

THE FLUD WHCH FILLS THE BOTTOM OF THE CUP AND ARE DROWNED, THE LEAF ABSORBING THE NITROGENOUS OOMPOUNDS GIVEN OFF DURNG THE PROCESS OF
DECOMPOSITION. THERE ARE OTHER SPECIES COMMVON IN THE SOUTHERN STATES, AND A C ALIFORNIA PITCHER-FLANT ( Darlingtonia) HAS A COLORED APPENDAGE AT
the mouth of the pitcher which serves to lure insects into the trap.

ANOTHERR FAMLY OF FTCHER-ALANTS ( Nepentheae) IS FOUND IN THE WARVER PARTS OF THE OLD WORLD, AND SOME OF THEM ARE OOCASIONALLY CULTIVATED IN
greenhouses. In these the pitchers are borne at the tips of the leaves attached to a long tendril.

TWO OTHER FAMLIES OF THE ORDER CONTAIN FAMLIAR NATIVE FLANTS, THE ROOK-ROSE FAMLY ( Cistaceae), AND THE ST. JOHN'S-WORTS ( Hypericacege). THe
LATTER PARTICULARLY ARE COMVION PLANTS, WITH NUVEROUS SHOWY YELLOW FLOWERS, THE PETALS USUALLY MARKED WITH BLACK SPECKS, AND THE LEAVES HAVING CLEAR
dots scattered through them. The stamens are numerous, and often in several distinct groups (Fig. 105, C, D).

THE LAST ORDER OF THE Aphanocyclee (THe Columniferae) HAS THREE FAMLIES, OF WHCH TWO, THEMALLOAS ( Malvaceee), AND THE LINDENS (- Tiliaceae),
INCLUDE WELL-KNOWN SPECES. OF THE FORVER, THE VARIOUS SPECIES OF MALLOWS ( Fig. 106, A) BELONGNG TO THE GENUS  Malva ARE COMMON, AS WELL AS
SOME SPECES OF  Hlibiscus, INCLUDING THE SHOWY SWAMP  Hibiscus OR ROSEMALLOW ( H. moscheutos), COMVON IN SALT MARSHES AND IN THE FRESHWATER
MARSHES OF THE GREAT LAKE REGION. THE HOLLYHOCK AND SHRUBBY Althaea ARE FAMLIAR CULTIVATED FLANTS OF THS ORDER, AND THE COTTON-RLANT ( GosSypium)
ALSO BELONGS HERE, IN ALL OF THESE THE STAMENS ARE MUCH BRANCHED, AND UNITED INTO A TUBE ENCLOSING THE STYLE. MOST OF THEM ARE CHARACTERZED ALSO BY
the development of great quantities of a mucilaginous matter within their tissues.

THE COMMON BASSWOOD ( Tilia) 1S THE COMMONEST REPRESENTATIVE OF THE FAMLY Tiliaceee (Eig. 106, G). THE NEARLY RELATED E UROPEAN LINDEN, OR
lime-tree, is sometimes planted. lts leaves are ordinarily somewhat smaller than our native species, which it, however, closely resembles.

em, =

. 106.—Types of Aphanocyclee (Columniferae). A, flower and leaf of the common mallow, Malva (Malvaceze), x /2. B, a flower bud, x 1. C, section of a flower, x 2. D, the fruit, x 2. E, section
of one division of the fruit, with the enclosed seed, x 3. em. the embryo. F, diagram of the flower. G, leaf and inflorescence of the basswood, Tilia (Tiliaceae), * 4. br. a bract. H, a single
flower, x 1./, group of stamens, with petal-like appendage (x), x 2. J, diagram of the flower.

THE FOURTH GROWP OF THE Choripetalee is the Eucyclae. THE FLOWERS MOST COMMONLY HAVE THE PARTS IN FIVES, AND THE STAMENS ARE NEVER MORE THAN
TWICE AS MANY AS THE SEPALS. THE CARPELS ARE USUALLY MORE OR LESS COMPLETELY UNITED INTO A COMPOUND PISTIL. THERE ARE FOUR ORDERS, COVPRISING
twenty-five families.



. 107 —Types of Eucyclee (Gruinales). A, wild crane’s-bill Geranium (Geraniaceee), x 2. B, a petal, x 1. C, the young fruit, the styles united in a column, x 2. D, the ripe fruit, the styles
separating to discharge the seeds, x 2 E, section of a seed, x 2. F, wild flax Linum (Linaceae), x 2. G, a single flower, x 2. H, cross-section of the young fruit, x 3. /, flower. J, leaf of
wood-sorrel, Oxalis (Oxalidege), x 1. K, the stamens and pistil, x 2. L, flower of jewel-weed, Impatiens (Balsamineae), x 1. M, the same, with the parts separated. p, petals. s, sepals. an.
stamens. gy. pistil. N, fruit, x 1. O, the same, opening. P, a seed, x 2.

THE ARST ORDER ( Gruinales) INCLUDES SIX FAMLIES, OONSISTING FOR THE MOST PART OF FLANTS WITH OONSPICUOUS FLOWERS. HERE BELONG THE GERANUMS
(Fig. 107, A), REPRESENTED BY THE WILD GERANUVS AND CRANE S-BILL, AND THE VERY SHOAY GERANUVS (Pelargonium) oF THE GARDENS. THE NASTURTIUMS
(Tropaeolum) REFRESENT ANOTHER FAMLY, MOSTLY TROPICAL, AND THE WOOD-SORRELS ( Oxallis) (Eig. 107, /) ARE COMMON, BOTH WILD AND CULTIVATED. THE MOST
USEFUL MEVBER OF THE ORDER IS UNQUESTIONABLY THE COMMON FLAX ( Linum), OF WHCH THERE ARE ALSO SEVERAL NATIVE SPECES ( Fig. 107, F). THESE ARE
TYPES OF THE FLAX FAMLY ( Linaceae). LINEN IS THE PRODUCT OF THE TOUGH, FIBROUS INNER BARK OF L. usitatissimum, WHCH HAS BEEN CLLTIVATED FOR TS FIBRE
FROM TIVE IMVEMORAL. THE LAST FAMLY IS THE BALSAM FAMLY ( Balsaminege). THe JEAMEL-WEED OR TOUCHMENOT ( Impatiens), SO CALLED FROM THE
SENSITVE PODS WHCH SPRING OFEN ON BENG TOUCHED, IS VERY COMVON IN MOIST GROUND EVERYWHERE ( Fig. 107, L—P). THE GARDEN BALSAM, OR LADY’'S
slipper, is a related species (I. balsamina).

. 108.—Eucyclee (Terebinthinge, /Esculinee). A, leaves and flowers of sugar-maple, Acer (Aceracege), x /2. B, a male flower, x 2. C, diagram of a perfect flower. D, fruit of the silver-maple,
x V5. E, section across the seed, x 2. F, embryo remowved from the seed, x 1. G, leaves and flowers of bladder-nut, Staphylea, (Sapindaceee), x 2. H, section of a flower, x 2. /, diagram of
the flower. J, flower of buckeye (4sculus), x 12 K, flower of smoke-tree, Rhus (Anacardiaceae), x 3. L, the same, in section.

THE SECOND ORDER ( Terebinthinae) CONTAINS BUT FEW COMVON ALANTS. THERE ARE SIX FAMLIES, MOSTLY INHABITANTS OF THE WARVER PARTS OF THE WORLD.



THE BEST-KNOWN MEVBERS OF THE ORDER ARE THE ORANGE, LEMON, OITRON, AND THER ALLIES. OF OUR NATIVE ALANTS THE PRCKLY ASH ( Zanthoxylum), AND THE
VAROUS SFECES OF SWACH ( Rhus), ARE THE BEST KNOWN. IN THE LATTER GENUS BELONG THE POISON VY ( R. toxicodendron) AND THE POISON DOGWOOD
(R. venenata). The Venetian sumach or smoke-tree (R. Cotinus) is commonly planted for ornament.

THE THRD ORDER OF THE Eucyclee, THE AESculinge, BVBRACES SIX FAMLIES, OF WHCH THREE, THE HORSECHESTNUTS, ETC. ( Sapindaceee), THE MARLES
(Aceraceee), AND THE MLKWORTS ( Polygalacesae), HAVE SEVERAL REPRESENTATIVES IN THE NORTHERN UNTED STATES. OF THE FIRST THE BUCKEYE ( AEsculus)
(Fig. 108, J) and the bladder-nut (Staphylea) (Fig. 108, G) are the commonest native genera, while the horsechestnut (4sculus hippocastanum) is
everywhere planted.

The various species of maple (Acer) are familiar examples of the Aceraceae (see Fig. 106, A, F).

THE FOURTH AND LAST ORDER OF THE Eucyclae, THE Frangulinee, 1S COMPOSED MAINLY OF FLANTS WITH INCONSPICUOUS FLOAERS, THE STAMENS AS MANY AS
THE FETALS. NOT INFREQUENTLY THEY ARE DICECIOUS, OR IN SOVE, LIKE THE GRAFE, SOVE OF THE FLOAVERS MAY BE UNISEXUAL WHILE OTHERS ARE HERVAPHRODITE ( ie.
HAVE BOTH STAMENS AND RISTLL). AMONG THE COMVONER PLANTS OF THE ORDER MAY BE MENTIONED THE SPNDLE-TREE, OR BURNING-BUSH, AS [T IS SOVETIVES
called (Euonymus) (Fig. 109, A), AND THE CLMBING BITTER-SWEET ( Celastrus) (Eig. 109, D), BEONGNG TO THE FAMLY  Celastraceae; THE HOLLY AND BLACK
ALDER, SFECES OF llex, ARE EXAMALES OF THE FAMLY  Aquifoliaceae; THE VAROUS SPECES OF GRAFE (  Vitis), THE VIRGNA CREEFRR ( Ampelopsis
quinquefolia), and one or two other cultivated species of the latter, represent the vine family (Vitaceae or Ampelidee), and the buckthorn (Rhamnus)
is the type of the Rhamnaceae.

.109.—Eucylae (Frangulinee), Tricoccee. A, flowers of spindle-tree, Euonymus, (Celastraceze), * 1. B, cross-section of the ovary, x 2. C, diagram of the flower. D, leaf and fruit of bitter-sweet
(Celastrus), x . E, fruit opening and disclosing the seeds. F, section of a nearly ripe fruit, showing the seeds surrounded by the scarlet integument (aril). em. the embryo, x 1. G, flower of
grape-vine, Vitis (Vitaceae), x 2. The corolla has fallen off. H, vertical section of the pistil, x 2. /, nearly ripe fruits of the frost-grape, x 1. J, cross-section of young fruit, x 2. K, a spurge,
Euphorbia (Euphorbiaceae), x . L, single group of flowers, surrounded by the corolla-like involucre, x 3. M section of the same, &, male flowers; ¢, female flowers. N, a single male
flower, x 5. O, cross-section of ovary, X 6. P, a seed, x 2. Q longitudinal section of the seed, x 3. em. embryo.

THE AFTH GROWP OF THE Choripetalae 1S A SMALL ONE, COVPRSING BUT A SINGLE ORDER ( Tricoccae). THE FLOMERS ARE SMALL AND INCONSPICUOUS, THOUGH
SOVETIVES, AS IN SOVE Euphorbias AND THE sHOWY Poinsettia OF THE GREENHOUSES, THE LEAVES OR BRACTS SURROUNDNG THE INFLORESCENCE ARE
CONSPCUOUSLY COLORED, GIVING THE WHOLE THE AFFEARANCE OF A LARGE, SHOWY, SINGLE FLOAER. IN NORTHERN COUNTRES THE FLANTS ARE MOSTLY SMALL WEEDS, OF
WHOH THE VAROUS SPURGES OR  Euphorbias ARE THE MOST FAMLIAR THESE RLANTS ( Fig. 109, K) HAVE THE SMALL FLOWERS SURROUNDED BY A OUR-SHAPED
involucre (L, M) SO THAT THE WHOLE INFLORESCENCE ~ LOOKS LIKE A SINGLE FLOWER IN THE SPURGES, AS IN THE OTHER MEVBERS OF THE ORDER, THE FLOWERS ARE VERY

SIMPLE, BEING OFTEN REDUCED TO A SINGLE STAMEN OR PSTL ( Fig. 109, M, N). THE FLANTS GENERALLY ABOUND IN A MLKY JUICE WHCH IS OFTEN POISONOUS. THS
JUCE IN A NUVBER OF TROPICAL GENERA IS THE SOURCE OF INDIA-RUBBER. S OVE GENERA LIKE THE CASTOR-BEAN ( Ricinus) AND Croton ARE CULTVATED FOR THER

large, showy leaves.

THE WATER STARAORTS ( Callitriche), NOT UNCOMVON IN STAGNANT  WATER, REFRESENT THE FAMLY  Callitrichaceae, AND THEBOX (- Buxus) IS THE TYFE OF THE
Buxaceee.



. 110.—Types of Calyciflorse (Umbelliflorse). A, inflorescence of wild parsnip, Pastinaca (Umbelliferae), x V2. B, single flower of the same, x 3. C, a leaf, showing the sheathing base, x Ya.
D, a fruit, x 2. E, cross-section of D. F, part of the inflorescence of spikenard, Aralia (Araliaceae), * 1. G, a single flower of the same, x 3. H, the fruit, x 2. /, cross-section of the H. J,
inflorescence of dogwood, Comus (Comeae). The cluster of flowers is surrounded by four white bracts (b), x ¥4 K, a single flower of the same, x 2. L, diagram of the flower. M, young fruit
of another species (Cornus stolonifera) (red osier), x 2. N, cross-section of M

The last and highest group of the Choripetalee, the Calyciflorae, EVBRACES A VERY LARGE ASSEVBLAGE OF FAMLIAR FLANTS, DVIDED INTO BGHT ORDERS
AND THRTY-TWO FAMLES. WITH FEW EXCEPTIONS, THE FLORAL AXIS GROWS UP AROUND THE OVARY, CARRYING THE OUTER FLORAL LEAVES ABOVE IT, AND THE OVARY
APFEARS AT THE BOTTOM OF A CUP AROUND WHOSE EDGE THE OTHER PARTS OF THE FLOWER ARE ARRANGED. S OVETIVES, AS IN THE FUCHSIA, THE OVARY IS GROWN TO
the base of the cup or tube, and thus looks as if it were outside the flower. Such an ovary is said to be “inferior” IN DSTINCTION FROM ONE THAT IS ENTIRELY
FREE FROM THE TUBE, AND THUS IS EVIDENTLY WITHN THE FLOWER. THE LATTER IS THE SO-CALLED “SUPERIOR’ OVARY. THE CARPELS ARE USUALLY UNITED INTO A COVPOUND
pistil, but may be separate, as in the stonecrop (Fig. 111, E), or strawberry (Fig. 114, C).

THE FIRST ORDRR OF THE Calycifloree (Umbelliflorae) HAS THE FLOMERS SMALL, AND USUALLY ARRANGED IN UVBELS,  /.e. SEVERAL STALKED FLOWERS GROWING
FROM A COMVON FONT. THE OVARY IS INFEROR, AND THERE IS A NECTAR-SECRETING DISC BETWEEN THE STYLES AND THE STAMENS. OF THE THREE FAMLIES, THE
UVBEL-WORTS OR Umbelliferae 1s THE COMWWIONEST. THE FLOWERS ARE MUCH ALIKE IN ALL ( Fig. 110, A, B), AND NEARLY ALL HAVE LARGE, COVPOUND LEAVES WITH
BROAD, SHEATHING BASES. THE STEVS ARE GENERALLY HOLLOW. SO GREAT IS THE UNIFORMTY OF THE FLOWERS AND FLANT, THAT THE FRUIT ( Fig. 110, D) is GENERALLY
NECESSARY BEFORE THE FLANT CAN BE CERTAINLY RECOGNZED. THS IS TWO-SEEDED IN ALL, BUT DIFFERS VERY MUCH IN SHAFE AND IN THE DEVELORVENT OF OL
CHANNELS, WHCH SECRETE THE FECULIAR OLL THAT GIVES THE CHARACTERISTIC TASTE TO THE FRUITS OF SUCH FORMVS AS CARAWAY, CORANDER, ETC. S OVE OF THEM, LIKE
the wild parsnip, poison hemlock, etc., are violent poisons, while others like the carrot are perfectly wholesome.

THE WILD SPKENARD ( Aralia) (Fig. 110, F), GNSENG, AND THE TRIE VY ( Hedera) ARE EXAMALES OF THE  Araliaceae, AND THE VAROUS SPECES OF
dogwood (Comus) (Eig. 110, J-N) represent the dogwood family (Comese).

THE SEOOND ORDRR (- Saxifraginee) CONTAINS BGHT FAMLIES, INCLUDING A NUVBER OF COMMON WILD AND CLLTVATED ALANTS. THE TRUE SAXIFRAGES ARE
REPRESENTED BY SEVERAL WILD AND CULTIVATED SPECES OF Saxifraga, THE LITTLE BISHOP'S CAP OR MTREWORT ( Mitella) (Eig. 111, D), AND OTHERS. THE WILD
hydrangea (Fig. 111, F) and the showy garden species represent the family Hydrangeae. IN THESE SOVE OF THE FLOWERS ARE LARGE AND SHOWY, BUT WITH
NETHER STAMENS NOR PISTILS (NEUTRAL), WHLE THE SMALL, INCONSPICUOUS FLOWERS OF THE CENTRAL PART OF THE INFLORESCENCE ARE FERFECT. IN THE GARDEN
VARETES, ALL OF THE FLOWERS ARE CHANGED, BY SELECTION, INTO THE SHOWY, NEUTRAL ONES. THE SYRNGA OR MOCK ORANGE ( Philadelphus) (Eig. 111, /), TH
GOOSEBERRY, AND CLRRANTS (- Ribes) (Fig. 111, A), AND THE STONECROP ( Sedum) (Fig. 111, E) ARE TYFES OF THE FAMLES ~ Philadelpheae, Ribesieae, AND
Crassulaceee.



. 111.—Calyciflorae (Saxifraginee): A, flowers and leaves of wild gooseberry, Ribes (Ribesieze), % 1. B, vertical section of the flower, x 2. C, diagram of the flower. D, flower of bishop’s-cap,
Mitella (Saxifragaceee), % 3. E, flower of stonecrop, Sedum (Crassulacege), x 2. F, flowers and leaves of hydrangea (Hydrangeze), x 2. n, neutral flower. G, unopened flower, x 2. H, the
same, after the petals have fallen away. /, flower of syringa, Philadelphus (Philadelpheze), % 1. J, diagram of the flower.

THE THRD ORDERR ( Opuntieae) HAS BUT A SINGLE FAMLY, THE CACT ( Cactaceee). THESE ARE STRCTLY AMERCAN IN THER DISTRBUTION, AND INHABIT
ESPECALLY THE DRY FLAINS OF THE SOUTHWEST, WHERE THEY REACH AN EXTRAORDINARY DEVELORVENT. THEY ARE NEARLY OR QUITE LEAFLESS, AND THE FLESHY,
CYLINDRICAL, OR FLATTENED STEVS ARE USUALLY BESET WITH STOUT SPNES. THE FLOWERS ( Fig. 112, A) ARE OFTEN VERY SHOWY, SO THAT MANY SPECES ARE
cultivated for ornament and are familiar to every one. The beautiful night-blooming cereus, of which there are several species, is one of these. A few
species of prickly-pear (Opuntia) occur as far north as New York, but most are confined to the hot, dry plains of the south and southwest.

. 112 —Calyciflorae, Opuntiese (Passiflorinae) . A, flower of a cactus, Mamillaria (Cactaceae) (from “Grays Structural Botany’). B, leaf and flower of a passion-flower, Passiflora
(Passifloraceae), x V. t, a tendril. C, cross-section of the ovary, % 2. D, diagram of the flower.

The fourth order (Passiflorinag) ARE ALMOST WITHOUT EXCEPTION TROPCAL FLANTS, ONLY A VERY FEW EXTENDING INTO THE SOUTHERN UNITED S TATES. THE TYFE
OF THE ORDER IS THE PASSION-FLOMER ( Passiflora) (Eig. 112, B), WHOSE NUVEROUS SPECIES ARE MOSTLY INHABITANTS OF TROPICAL AVERICA, BUT A FEW REACH
INTO THE UNTED STATES. THE ONLY OTHER MEVBERS OF THE ORDER LIKELY TO BE MET WITH BY THE STUDENT ARE THE BEGONIAS, OF WHICH A GREAT MANY ARE
COMVONLY CULTIVATED AS HOUSE FLANTS ~ ON ACCOUNT OF THER FINE FOLIAGE AND FLOAERS. THE LEAVES ARE ALWAYS ONE-SIDED, AND THE FLOWERS MONCECIOUS. [13]

Whether the begonias properly belong with the Passiflorinee has been questioned.



. 113.—Calyciflorae (Myrtiflorae, Thymelinae). A, flowering branch of moosewood, Dirca (Thymeleeaceze), x 1. B, a single flower, x 2. C, the same, laid open. D, a young flower of willow
herb, Epilobium (Onagraceae), x 1. The pistil (gy.) is not yet ready for pollination. E, an older flower, with receptive pistil. F, an unopened bud, x 1. G, cross-section of the ovary, x 4. H, a
young fruit, x 1. /, diagram of the flower. J, flowering branch of water milfoil, Myriophyllum (Haloragidaceze), x 2. K, a single leaf, x 1. L, female flowers of the same, x 2. M, the fruit, x 2.

The fifth order (Myrtifloree) have regular four-parted flowers with usually eight stamens, but sometimes, through branching of the stamens, these

APPEAR VERY NUVEROUS. THE MYRILE FAMLY, THE MBVBERS OF WHCH ARE ALL TROPICAL OR SUB-TROPICAL, GIVES NAME TO THE ORDER THE TRUE MYRILE ( Myrtus) 1s
SOVETIVES OULTIVATED FOR ITS PRETTY GLOSSY GREEN LEAVES AND WHITE FLOWERS, AS IS ALSO THE POVEGRANATE WHOSE BRILLIANT, SCARLET FLOWERS ARE EXTREVELY
ORNAMENTAL. C LOVES ARE THE DRED FLOWER-BUDS OF AN E AST-INDIAN MYRTACEOUS TREE ( Caryophyllus). IN AUSTRALIA THE ORDER INCLUDES THE GIANT GUVFTREES

(Eucalyptus), the largest of all known trees, exceeding in size even the giant trees of California.

AMONG THE COWWONER  Myrtiflorae, THE MAJORTY BELONG TO THE TWO FAMLES ~ Onagraceae AND Lythraceae. THE FORVER INCLUDES THE EVENNG
FRMROSES ( (Enothera), WiLLOW-HERB ( Epilobium) (Eig. 113, D), AND FUCHSIA; THE LATTER, THE PURFLE LOOSESTRFE ( Lythrum) AND SWANP LOOSESTRFE
(Nesaea). THE WATER-MLFOLL ( Myriophyllum) (Fig. 113, J) IS ANEXAMALE OF THEFAMLY ~ Haloragidaceage, AND THE Rhexias OF THE EASTERN UNTED STATES
represent with us the family Melastomaceze.

THE SIXTH ORDER OF THE  Calycifloree 1s A SMALL ONE ( Thymelinge), REPRESENTED IN THE UNITED STATES BY VERY FEW SFECES. THE FLOWERS ARE FOUR-

PARTED, THE CALYX RESEVBLING A COROLLA, WHCH IS USUALLY ABSENT. THE COMMONEST MEVBER OF THE ORDER IS THE MOOSEAMOOD ( Dirca) (Fig. 113, A),
BELONGING TO THE FIRST OF THE THREE FAMLIES (  Thymelaeaceae). OF THE SECOND FAMLY ( Eleeagnacese), THE COMVONEST EXANVFLE IS Shepherdia, A LOW
SHRUB HAVING THE LEAVES COVERED WITH CURIOUS, SCURFY HARRS THAT GIVE THEM A SLLVERY APPEARANCE THE THRD FAMLY ( Proteaceae) HAS NO FAMLIAR
representatives.

The seventh order (Rosiflorae) INCLUDES MANY WELL-KNOWN FLANTS, ALL OF WHOCH MAY BE UNITED IN ONE FAMLY ( Rosaceae), WITH SEVERAL SUB-FAMLIES.
THE FLOWERS ARE USUALLY FIVE-PARTED WITH FROM FIVE TO THRTY STAMENS, AND USUALLY NUVEROUS, DISTINCT CARPELS. IN THE AFFLE AND PEAR ( Fig. 114, /),

HOWEVER, THE CARPELS ARE MORE OR LESS GROWN TOGETHER, AND IN THE CHERRY, PEACH, ETC., THERE IS BUT A SINGLE CARFEL GVING RISE TO A SINGLE-SEEDED
STONE-FRUT (DRUFE) ( Fig. 114, E, H). IN THE STRAWBERRY (Fig. 114, A), RosE ( G), aNauerolL ( Potentilla), ETC., THERE ARE NUVEROUS DISTINCT, ONE-SEEDED
CARFELS, AND N Spiraea (Eig. 114, F) THERE ARE FIVE SEVERAL-SEEDED CARFELS, FORVING AS MANY DRY PODS WHEN RPE THE SO-CALLED “BERRY” OF THE
STRAWBERRY IS REALLY THE MUCH ENLARGED FLOWER AXIS, OR “RECEPTACLE,” IN WHICH THE LITTLE ONE-SEEDED FRUTS ARE BVBEDDED, THE LATTER BENG WHAT ARE
ordinarily called the seeds.



. 114 —Calycifloree (Rosifloree). A, inflorescence of strawberry (Fragaria), x V2. B, a single flower, x 1. C, section of B. D, floral diagram. E, vertical section of a cherry-flower (Prunus), x 1. F,
vertical section of the flower of Spiraea, % 2. G, vertical section of the bud of a wild rose (Rosa), x 1. H, vertical section of the young fruit, x 1. /, section of the flower of an apple (Pyrus), x 1.
J, floral diagram of apple.

F ROM THE EXANPLES GIVEN, IT WILL BE SEEN THAT THE ORDER INCLUDES NOT ONLY SOVE OF THE MOST ORNAMVENTAL, CULTIVATED FLANTS, BUT THE MAJORITY OF OLR
best fruits. In addition to those already given, may be mentioned the raspberry, blackberry, quince, plum, and apricot.

[ ¢
. 115.—Calyciflorae (Leguminosae). A, flowers and leaf of the common pea, Pisum (Papilionaceae), x 2. t, tenril. st. stipules. B, the petals, separated and displayed, x 1. C, flower, with the

calyx and corolla removed, x 1. D, a fruit divided lengthwise, x %% E, the embryo, with one of the cotyledons remowed, x 2. F, diagram of the flower. G, flower of red-bud, Cercis
(Caesalpinaceae), x 2. H, the same, with calyxand corolla remowved. /, inflorescence of the sensitive-brier, Schrankia (Mimosaceae), x 1. J, a single flower, x 2.

THE LAST ORDER OF THE Calycifloree AND THEHGHEST OF THE - Choripetalee is the order Lequminosae, OF WHCH THE BEAN, FEA, CLOVER, AND MANY OTHER
COMVON FLANTS ARE EXAMALES. IN MOST OF OUR COMMON FORVS THE FLOWERS ARE FECULIAR IN SHAFE, ONE OF THE PETALS BEING LARGER THAN THE OTHERS, AND
COVERNG THEM IN THE BUD. THS FETAL IS KNOWN AS THE STANDARD. THE TWO LATERAL FETALS ARE KNOWN AS THE WINGS, AND THE TWO LOWER AND INNER ARE
GENERALLY GROWN TOGETHER FORMING WHAT IS CALLED THE “KERL” ( Fig. 115, A, B). THE STAVENS, TEN IN NUVBER, ARE SOVETIVES ALL GROAN TOGETHER INTO A
TUBE, BUT GENERALLY THE UPPER ONE IS FREE FROM THE OTHERS ( Fig. 115, C). THERE IS BUT ONE CARPEL WHCH FORVS A FOD WITH TWO VALVES WHEN RFE
(Fig. 115, D). THE SEEDS ARE LARGE, AND THE BVBRYO FILLS THE SEED COMRLETELY. F ROM THE PECULIAR FORM OF THE FLOWER, THEY ARE KNOAN AS Papilionaceae
(papilio, A BUTTERFLY). MANY OF THEPapilionaceae ARE CLIVBERS, HTHER HAVING TWINNG STEMS, AS IN THE COMMON BEANS, OR ELSE WITH PART OF THE LEAF
changed into a tendril as in the pea (Fig. 115, A), vetch, etc. The leaves are usually compound.



OF THe SECOND FAMLY ( Caesalpinese), MAINLY TROPCAL, THE HONEY LOOUST (- Gleditschia) AND ReD-BWD ( Cercis) (Eig. 115, G) ARE THE COMVONEST
EXAVPLES. THE FLOWERS DFFER MANLY FROM THE ~ Papilionaceae IN BENG LESS PERFECTLY PAPLIONACEOUS, AND THE STAMENS ARE ALMOST ENTIRELY DISTINCT
(Eig. 115, H). THe LAST FAMLY (Mimosaceae) 1S ALSO MANLY TROPCAL. THE ACACAS, SENSTVE-RLANT ( Mimosa), AND THE SENSITIVE-BRER OF THE SOUTHERN
United States (Schrankia) (Fig. 115, /) REPRESENT THS FAMLY. THE FLOAVERS ARE QUITE DIFFERENT FROM THE OTHERS OF THE ORDER, BEING TUBULAR AND THE PETALS
united, thus resembling the flowers of the Sympetalae. The leaves of Mimosa and Schrankia are extraordinarily sensitive, folding up if irritated.



CHAPTER XIX.
CLASSIFICATION OF DICOTYLEDONS (Continued).
Division Il.—Sympetalee.

THe Sympetalae or Gamopetalze are at once distinguished from the Choripetalae BY HAVING THE FETALS MORE OR LESS UNITED, SO THAT THE COROLLA IS
TO SOVE EXTENT TUBULAR. IN THE LAST ORDER OF THE - Choripetalae WE FOUND A FEW EXAMALES ( Mimosaceae) WHERE THE SANE THING IS TRUE, AND THESE FORM A
transition from the Choripetalee to the Sympetalee.

THERE ARE TWO GREAT DVISIONS,  Isocarpae AND Anisocarpee. IN THE FIRST THE CARFELS ARE OF THE SAME NUVBER AS THE PETALS AND SEPALS; IN THE
SECOND FEAER. IN BOTH CASES THE CARFELS ARE COVFLETELY UNITED, FORVING A SINGLE, OOVPOUND RSTLL. IN THE Isocarpae THERE ARE USUALLY TWICE AS MANY
stamens as petals, occasionally the same number.

THERE ARE THREE ORDERS OF THE  ISocarpae, Viz., Bicormnes, Primulinge, AND Diospyringe. THE FIRST IS A LARGE ORDER WITH SIX FAMLIES, INCLUDING MANY
VERY BEAUTIFUL PLANTS, AND A FEW OF SOVE ECONOMC VALUE. OF THE SIX FAMLIES, ALL BUT ONE ( Epacridese) ARE REPRESENTED IN THE UNITED S TATES. OF THESE
the Pyrolaceae INOLUDES THE FRETTY LITTLE PYROLAS AND FRNCES-PNE( Chimaphila) (Eig. 116, J); the Monotropeage HAS AS ITS COMVONEST EXAMFLES, THE
QUROUs INDAN-AFE ( Monotropa uniflora), AND PNE-SAP (M. hypopitys) (Eig. 116, L). THESE GROW ON DECAYING VEGETABLE MATTER, AND ARE QUITE
DEVOID OF CHLOROPHYLL, THE FORVER SPECIES BEING PURE WHITE THROUGHOUT (HENCE A FOPULAR NAME, “GHOST ALOWER'); THE LATTER IS YELLOWISH. THE MAGNIFICENT
RHODODENDRONS AND AZALEAS ( Fig. 116, F), AND THE MOUNTAN LAUREL ( Kalmia) (Fig. 116, /), BELONG TO THE Rhodoracege. THE HEATH FAMLY ( Ericaceee),
BESIDES THE TRUE HEATHS ( Erica, Calluna), INOLUDES THE FRETTY TRAILNG-ARBUTUS OR MAY-FLOWER (  Epigaea), Andromeda, Oxydendrum (Eig. 116, E),
wintergreen (Gaultheria), etc. The last family is represented by the cranberry (Vaccinium) and huckleberry (Gaylussacia).

. 116.—Types of Isocarpous sympetalee (Bicomes). A, flowers, fruit, and leaves of huckleberry, Gaylussacia (Vacciniese), x 1. B, vertical section of the flower, x 3. C, a stamen: i, from in
front; ii, from the side, x 4. D, cross-section of the young fruit, x 2. E, flower of sorrel-tree, Oxydendrum (Ericaceze), x 2. F, flower of azalea (Rhododendron), x . G, cross-section of the
ovary, x 3. H, diagram of the flower. /, flower of mountain laurel (Kalmia), x 1. J, prince’s-pine, Chimaphila (Pyrolacege), x V2. K, a single flower, x 1. L, plant of pine-sap, Monotropa,
(Monotropeae), x V2. M, section of a flower, x 1.

THE SECOND ORDER, THE FRMROSES ( Primulinge), 1S PRNCPALLY REFRESENTED IN THE COOLER PARTS OF THE WORLD BY THE TRUE FRIVROSE FAMLY
(Primulaceae), OF WHOH SEVERAL FAMLIAR PLANTS MAY BE MENTIONED. THE GENUS Primula INCLUDES THE E UROPEAN PRIVROSE AND COWSLIP, AS WELL AS TWO
OR THREE SMALL A VERICAN SPECEES, AND THE COMMONLY CULTIVATED C HNESE FRIVROSE OTHR GBNeRA ARE Dodecatheon, oF WHCH THE BEAUTIFUL SHOOTING-
STAR (D. Meadia) (Eig. 117, A) IS THE BEST KNOWN. SOVETHNG LKE THS IS Cyclamen, SOVETIVES CULTVATED AS A HOUSE ALANT. THE MONEYWORT
(Lysimachia nummularia) (Fig. 117, D), as well as other species, also belongs here.
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. 117 —Isocarpous sympetalee (Primulinge, Diospyrinee). A, ghooti ng-star, Dodecatheon (Primulaceee), x 2. B, section of a flower, x 1. C, diagram of the flower. D, Moneywort, Lysimachia
(Primulaceee), x 2. E, a perfect flower of the persimmon, Diospyros (Ebenaceze), x 1. F, the same, laid open: section of the young fruit, x 2. H, longitudinal section of a ripe seed, x 1. em.
the embryo. /, fruit, x .

THE SEA-ROSEMARY ( Statice) AND ONE OR TWO CULTIVATED SFECES OF FLUMBAGO ARE THE ONLY MEVBERS OF THE FLUVBAGO FAMLY ( Plumbagineze)
likely to be met with. The remaining families of the Primulinge are not represented by any common plants.

THE THRD AND LAST ORDER OF THE /socarpous sympetalae HAS BUT A SINGLE COMMON REFRESENTATVE IN THE UNITED STATES; VIZ., THE PERSIMMVON
(Diospyros) (Fig. 117, E). THs BEONGS TOTHEFAMLY ~ Ebenaceae, TO WHOH ALSO BELONGS THEEBONY A MEVBER OF THE SAME GENUS AS THE PERSIMVON,
and found in Africa and Asia.

THE SECOND DVISION OF THE ~ Symipetalae (THE Anisocarpae) HAS USUALLY BUT TWO OR THREE CARFELS, NEVER AS MANY AS THE PETALS. THE STAMENS ARE
also never more than five, and very often one or more are abortive.

.118.—Types of Anisocarpous sympetalze (Tubifloree). A, flower and leaves of wild phlox (Polemoniaceae), * V2. B, section of a flower, x 1. C, fruit, x 1. D, flower of blue valerian
(Polemonium), x 1. E, flowers and leaf of water-leaf, Hydrophyllum (Hydrophyllaceae), x /2. F, section of a flower, x 1. G, flower of wild morning-glory, Convolvulus (Convolvulaceze), x V-.
One of the bracts surrounding the calyx and part of the corolla are cut away. H, diagram of the flower. /, the fruit of a garden momning-glory, from which the outer wall has fallen, leaving
only the inner membranous partitions, x 1. J, a seed, x 1. K, cross-section of a nearly ripe seed, showing the crumpled embryo, x 2. L, an embryo removed from a nearly ripe seed, and
spread out; one of the cotyledons has been partially removed, x 1.

THE FIRST ORDER ( Tubifloree) HAS, AS THE NAME INDICATES, TUBULAR FLOWERS WHCH SHOW USUALLY PERFECT, RADIAL SYMVETRY ( Actinomorphism). THERe



ARE FIVE FAMLIES, ALL REFRESENTED BY FAMLIAR PLANTS. THEFRST ( Convolvulaceae) HAS AS TS TYFE THE MORNNG-GLORY ( Convolvulus) (Eig. 118, G), AND
the nearly related Jpomoeas OF THE GARDENS. THE CUROUS DODDER ( Cuiscuta), WHOSE LEAFLESS, YELLOW STEVS ARE SOMVETIVES VERY CONSPICUOUS, TWINING

OVER VAROUS PLANTS, IS A MBVBER OF THS FAMLY WHCH HAS LOST TS CHLOROPHYLL THROUGH PARASITIC HABITS. THE SWEET FOTATO ( Batatas) 1s ALSO A NEVBER
OF THE MORNING-GLORY FAMLY. THE NUMEROUS SPECES, WILD AND CULTIVATED, OF PHLOX ( Fig. 118, A), AND THE BLUE VALERAN ( Polemonium) (Eig. 118, D),

are examples of the family Polemoniaceae.

. 119.—Anisocarpous sympetalze (Tubiflorse). A, inflorescence of hound’s-tongue, Cynoglossum (Borragineee), x 2. B, section of a flower, x 2. C, nearly ripe fruit, x 1. D, flowering branch
of nightshade, Solanum (Solaneee), x V2. E, a single flower, x 1. F, section of the flower, x 2. G, young fruit, x 1. H, flower of Petunia (Solaneae), x /. |, diagram of the flower.

THE THRD FAMLY ( Hydrophyllaceae) INCLUDES SEVERAL SPECES OF WATER-LEAF ( Hydrophyllum) (Eig. 118, E) AND Phacelia, AMONG OUR WILD FLOWERS,
and species of Nemophila, Whitlavia and others from the western states, but now common in gardens.

THE BORAGE FAMLY ( Borragineae) INOLUDES THE FORGET-MENOT ( MyosSotis) AND A FBW PRETTY WILD FLOWERS, €.g. THE ORANGE-FLOWERED PUOCOONS
(Lithospermum); BUT IT ALSO EMBRACES A NUMBER OF THE MOST TROUBLESOME WEEDS, AMONG WHCH ARE THE HOUND' S-TONGUE ( Cynoglossum) (Fig. 119,
A), AND THE “BEGGARS-TIKS” ( Echinospermum), WHOSE PROKLY FRUTS ( Fig. 119, C) BECOME DETACHED ON THE SLIGHTEST FROVOCATION, AND ADHERE TO
WHATEVER THEY TOUCH WITH GREAT TENACTY. THE FLOWERS IN THS FAMLY ARE ARRANGED IN ONE-SIDED INFLORESCENCES WHCH ARE COLED P AT FIRST AND
straighten as the flowers expand.

THE LAST FAMLY ( Solaneae) INCLUDES THE NGHTSHADES ( Solanum) (Eig. 119, D), TO WHCH GENUS THE FOTATO (- S. fuberosum) AND THE EGG-FLANT
(S. Melongena) ALSO BELONG. MANY OF THE FAMLY OCONTAN A POSONOUS FRINGFLE, e.g. THE DEADLY NGHTSHADE (  Atropa), Toeacoo ( Nicotiana),
STRAMONWM ( Datura), AND OTHERS. OF THE CULTIVATED FLANTS, BESIDES THOSE ALREADY MENTIONED, THE TOMATO ( Lycopersicum), AND VAROUS SPECES OF
Petunia (Fig. 119, H), Solanum, and Datura are the commonest.

THE SECOND ORDER OF THE  Anisocarpae CONSISTS OF FLANTS WHOSE FLOWERS USUALLY EXHBIT VERY MARKED, BILATERAL SYMVETRY ( Zygomorphism). FRom
the flower often being two-lipped (see Fig. 120), the name of the order (Labiatiflorae) is derived.

OF THE NINE FAMLIES QONSTITUTING THE ORDER, ALL BUT ONE ARE REPRESENTED WITHIN OUR LIMTS, BUT THE GREAT MAJORITY BELONG TO TWO FAMLIES, THE MNTS
(Labiatae) AND THE FIGWORTS ( Scrophularineae). THE MNTS ARE VERY OOMVON AND EASLLY REOOGNZABLE ON ACCOUNT OF THER SQUARE STEVS, OPFOSITE
leaves, strongly bilabiate flowers, and the ovary splitting into four seed-like fruits (Fig. 120, D, F).

The great majority of them, too, have the surface covered with glandular hairs secreting a strong-scented wolatile ail, giving the peculiar odor to these plants. The dead nettle
(Lamium) (Fig. 120, A) is a thoroughly typical example. The sage, mints, catnip, thyme, lavender, etc., will recall the peculiarities of the family.

The stamens are usually four in number through the abortion of one of them, but sometimes only two perfect stamens are present.



. 120.—Anisocarpous sympetalee (Labiatiflorae). A, dead nettle, Lamium, (Labiatae), % /2. B, a single flower, x 1. C, the stamens and pistil, x 1. D, cross-section of the ovary, x 2. E, diagram
of the flower; the position of the absent stamen is indicated by the small circle. F, fruit of the common sage, Salvia (Labiatae), x 1. Part of the persistent calyx has been removed to show
the four seed-like fruits, or nutlets. G, section of a nutlet, x 3. The embryo fills the seed completely. H, part of an inflorescence of figwort, Scrophularia (Scrophularineae), x 1.1, cross-
section of the young fruit, x 2.J, flower of speedwell, Veronica (Scrophularinese), x 2. K, fruit of Veronica, x 2.L, cross-section of K. M flower of moth-mullein, Verbascum
(Scrophularineae), x 2. N, flower of toad-flax, Linaria (Scrophularineae), % 1. O, leaf of bladder-weed, Utricularia (Lentibulariaceae), x 1. x, one of the “traps.” P, a single trap, x 5.

THe Scrophularinese DFFER MANLY FROM THE  Labiatee IN HAVING ROUND STEMS, AND THE OVARY NOT SALITTING INTO SEPARATE ONE-SEEDED FRUTS. THE
LEAVES ARE ALSO SOVETIVES ALTERNATE THERE ARE GENERALLY FOUR STAMENS, TWO LONG AND TWO SHORT, AS IN THE LABIATES, BUT IN THE MULLEN ( Verbascum)
(Eig. 120, M), where the flower is only slightly zygomorphic, there is a fifth rudimentary stamen, while in others (e.g. Veeronica) (Eig. 120, J) THRE ARE
BUT TWO STAMENS. MANY HAVE LARGE, SHOWY FLOWERS, AS IN THE OULTVATED FOXGLOVE ( Digitalis), AND THE NATVE SFECES OF  Gerardia, MULEN, Mimulus,
etc., while a few like the figwort, Scrophularia (Eig. 120, H), and speedwells (Veronica) have duller-colored or smaller flowers.

. 121.—Anisocarpous sympetalee (Labiatifloree). A, ﬁowering branch of trumpet-creeper, Tecoma (Bignoniaceee), x "/a. B, a single flower, divided lengthwise, x % C, cross-section of the
ovary, x 2. D, diagram of the flower. E, flower of vervain, Verbena (Verbenze), x 2: i, from the side; ii, from in front; iii, the corolla laid open. F, nearly ripe fruit of the same, x 2. G, part of a

spike of flowers of the common plantain, Plantago (Plantagineze), x 1; The upper flowers have the pistils mature, but the stamens are not yet ripe. H, a flower from the upper (younger)
part of the spike. /, an older expanded flower, with ripe stamens, x 3.

THE CUROUS BLADDERWERD ( Ultricularia) 1s THE TYFE OF THE FAMLY Lentibulariacese, AQUATIC OR SEMFAQUATIC ALANTS WHCH POSSESS SPECAL
CONTRVANCES FOR CAPTURNG INSECTS OR SMALL WATER ANMALS. THESE IN THE BLADDER-WEED ARE LITTLE SACS ( Fig. 120, P) WHCH ACT AS TRAPS FROM WHCH THE



ANMALS CANNOT ESCAFE AFTER BENG CAPTURED, THERE DOES NOT APPEAR TO BE HERE ANY ACTUAL DIGESTION, BUT SIMFLY AN ABSORPTION OF THE PRODUCTS OF
decomposition, as in the pitcher-plant. In the nearly related land form, Pinguicula, however, there is much the same arrangement as in the sundew.

THE FAMLY Gesneraceae IS MANLY A TROPICAL ONE, REFRESENTED IN THE GREENHOUSES BY THE MAGNIFICENT Gloxinia AND Achimenes, BUT OF NATVE
FLANTS THERE ARE ONLY A FEW PARASITIC FORMS DESTITUTE OF CHLOROPHYLL AND WTH SMALL, INCONSPICUOUS FLOWERS. THE COMMONEST OF THESE IS Epiphegus, A
MUCH-BRANCHED, BROWNISH FLANT, COMVON IN AUTUMN ABOUT THE ROOTS OF BEECHTREES UPON WHCH IT IS PARASITIC, AND WHENCE IT DERVES TS COMVON
name, “beech-drops.”

THE BGNONA FAMLY ( Bignoniacese) 1s MANLY TROPCAL, BUT IN OUR SOUTHERN STATES IS REFRESENTED BY THE SHOWY TRUMPET-CREEPRR ( Tecoma)
(Fig. 121, A), the catalpa, and Martynia.

THE OTHER FLANTS LIKELY TO BE MET WITH BY THE STUDENT BELONG HTHER TO THE Verbenacese, REFRESENTED BY THE SHOWY VERBENAS OF THE GARDENS, AND
OUR MUCH LESS SHOWY WILD VERVAINS, ALSO BELONGING TO THE GENUS Verbena (Eig. 121, E); OR TO THE LANTAN FAMLY ( Plantaginege), OF WHCH THE VAROUS
SFECES OF AANTAN ( Plantago) ARE FAMLIAR TO EVERY ONE ( Fig. 121, G, /). THE LATTER SEEM TO BE FORMS IN WHCH THE FLOWERS HAVE BECOVE
inconspicuous, and are wind fertilized, while probably all of its showy-flowered relatives are dependent on insects for fertilization.

THE THRD ORDRR ( Contortae) oF THE Anisocarpae INCLUDES FIVE FAMLIES, ALL REFRESENTED BY FAMLIAR FORVS. THE FIRST, THE OLVE FAMLY ( Oleaceze),
BESIDES THE OLIVE, CONTAINS THE LILAC AND JASMINE AMONG CULTIVATED FLANTS, AND THE VAROUS SPECES OF ASH ( Fraxinus), AND THE FRETTY FRNGE-TREE
(Chionanthus) (Eig. 122, A), OFTEN CULTIVATED FOR TS ABUNDANT WHTE FLOWERS. THE OTHER FAMLIES ARE THE Gentianaceae INOLUDNG THE TRUE GENTIANS
(Gentiana) (Fig. 122, F), T BUX-BEAN ( Menyanthes), THe CENTAWRES ( Erythreea AND Sabbatia), AND SEVERAL OTHER LESS FAMLIAR GENERA;
Loganiaceae, WITH THE INK-ROOT (- Spigelia) (Eig. 122, D), AS THE BEST-KNOWN EXAVALE  Apocynaceae INCLUDNG THE DOG-BANE ( Apocynum) (Eig. 122,
H), and in the gardens the oleander and periwinkle (Vinca).

. 122 —Anisocarpous sympetalse (Contortae). A, flower of fringe-tree, Chionanthus (Oleaceee), x 1. B, base of the flower, with part of the calyxand corolla removed, x 2. C, fruit of white ash,
Fraxinus (Oleaceae), % 1. D, flower of pink-root, Spigelia (Loganiaceae), x /. E, cross-section of the ovary, x 3. F, flower of fringed gentian, Gentiana (Gentianaceae), x /2. G, diagram of the
flower. H, flowering branch of dog-bane, Apocynum (Apocynaceze), x V. I, vertical section of a flower, x 2. J, bud. K| flower of milk-weed, Asclepias (Asclepiadaceae), x 1. L, vertical
section through the upper part of the flower, x 2. gy. pistil. p, pollen masses. an. stamen. M, a pair of pollen masses, x 6. N, a nearlyripe seed, x 1.

THE LAST FAMLY IS THE MLK-WEEDS ( ASsclepiadaceae), WHOH HAVE EXTREVELY OOVFLICATED FLOWERS. OUR NUVEROUS MLK-WEEDS ( Fig. 122, K) Are
FAMLIAR REPRESENTATIVES, AND EXHBIT PERFECTLY THE PECULIARITIES OF THE FAMLY. LIKE THE DOG-BANES, THE FLANTS CONTAN A MLKY JUICE WHCH IS OFTEN
poisonous. BESDES THE TRE MLK-WEEDS ( Asclepias), THERE ARE SEVERAL OTHER GENERA WITHN THE UNTED STATES, BUT MOSTLY SOUTHERN N THER
DISTRBUTION. MANY OF THEM ARE TWINNG FLANTS AND OOCASIONALLY CULTIVATED FOR THER SHOWY FLOWERS. OF THE CULTIVATED FORMS, THE WAX-PLANT ( Hoya), AND
Physianthus are the commonest.



. 123.—Anisocarpous sympetalae (Campanulinae). A, vertical section of the bud of American bell-flower, Campanula (Campanulaceae), x 2. B, an expanded flower, x 1. The stamens have
discharged their pollen, and the stigma has opened. C, cross-section of the ovary, x 3. D, flower of the Carpathian bell-flower (Campanula Carpatica), x 1. E, flower of cardinal-flower,
Lobelia (Lobeliaceee), % 1. F, the same, with the corolla and sepals remowved. an. the united anthers. gy. the tip of the pistil. G, the tip of the pistil, x 2, showing the circle of hairs
surrounding the stigma. H, cross-section of the ovary, x 3. /, tip of a branch of cucumber, Cucurbita (Cucurbitaceae), with an expanded female flower (%). J, androecium of a male flower,
showing the peculiar conwoluted anthers (an.), x 2. K, cross-section of the ovary, x 2.

THE FOURTH ORDRR ( Campanulingg) ALSO BVBRACES FIVE FAMLIES, BUT OF THESE ONLY THREE ARE REPRESENTED AMONG OUR WILD FLANTS. THE BELL-FLONERS
(Campanula) (Fig. 123, A, D) are examples of the family Campanulaceae, and numerous species are common, both wild and cultivated.



. 124 —Anisocarpous sympetalae (Aggregatae). A, flowering branch of Houstonia purpurea, x 1 (Rubiaceee). B, vertical section of a flower, x 2. C, fruit of bluets (Houstonia coerulea), x 1. D,
cross-section of the same. E, bedstraw, Galium (Rubiaceae), x 2. F, a single flower, x 2. G, flower of arrow-wood, Viburmum (Caprifoliaceze), * 2. H, the same, divided vertically. /,
flowering branch of trumpet honeysuckle, Lonicera (Caprifoliaceee), x /2. J, a single flower, the upper part laid open, x 1. K, diagram of the flower. L, part of the inflorescence of valerian,
Valeriana, (Valerianeae), x 1. M, young; N, older flower, x 2. O, cross-section of the young fruit; one division of the three contains a perfect seed, the others are crowded to one side by its
growth. P, inflorescence of teasel, Dipsacus (Dipsaceze), x V4. fl. flowers. Q, a single flower, x 1. R, the same, with the corolla laid open.

THE VAROUS SFECES OF  Lobelia, oF WHCH THE SFLENDD CARDNAL-FLOWER (L. Cardinalis) (Eig. 123, E) IS ONE OF THE MOST BEAUTIFUL, REPRESENT THE
VERY CHARACTERSTIC FAMLY Lobeliaceae. THER MLKY JUCE CONTAINS MORE OR LESS MARKED FOISONOUS PROPERTIES. THE LAST FAMLY OF THE ORDER IS THE
gourd family (Cucurbitaceae), REPRESENTED BY A FEW WILD SPECIES, BUT BEST KNOWN BY THE MANY CULTIVATED VARETIES OF MELONS, CUCUVBERS, squashes,
ETC. THEY ARE CLIVBING OR RUNNING PLANTS, AND PROVIDED WITH TENDRLS. THE FLOWERS ARE USUALLY UNISEXUAL, SOVETIVES DICEOIOUS, BUT OFTENER MONCECIOUS

(Eig. 123, ).

. 125 —Anisocarpous sympetalse (Aggregatee). Types of Compositze. A, inflorescence of Canada thistle (Cirsium), x 1. B, vertical section of A. r, the receptacle or enlarged end of the stem,
to which the separate flowers are attached. C, a single flower, x 2. o, the ovary. p, the “pappus” (calyxlobes). an. the united anthers. D, the upper part of the stamens and pistil, x 3: i, from
a young flower; ii, from an older one. an. anthers. gy. pistil. E, ripe fruit, x 1. F, inflorescence of may-weed (Maruta). The central part (disc) is occupied by perfect tubular flowers (G), the
flowers about the edge (rays) are sterile, with the corolla much enlarged and white, x 2. G, a single flower from the disc, x 3. H, inflorescence of dandelion (Taraxacum), the flowers all
alike, with strap-shaped corollas, x 1./, a single flower, x 2. c, the split, strap-shaped corolla. J, two ripe fruits, still attached to the receptacle (r). The pappus is raised on a long stalk, x 1.
K, a single fruit, x 2.

THE LAST AND HGHEST ORDER OF THE  Symipetalge, AND HENCE OF THE DICOTYLEDONS, IS KNOWN AS Aggregatae, FROM THE TENDENCY TO HAVE THE FLOWERS



DENSELY CROWDED INTO A HEAD, WHCH NOT INFREQUENTLY IS CLOSELY SURROUNDED BY BRACTS SO THAT THE WHOLE INFLORESCENCE RESEMBLES A SINGLE FLOWER
There are six families, five of which have common representatives, but the last family (Calycereae) has no members within our limits.

THE LOWER MBVBERS OF THE ORDER,  €.g. VARIOUS Rubiaceee (Fig. 124, A, E), HAVE THE FLOMERS IN LOOSE INFLORESCENCES, BUT AS WE EXAMNE THE
higher families, the tendency for the flowers to become crowded becomes more and more evident, and in the highest of our native forms Dipsacese
(Fig. 124, P) Ao Compositee (Fig. 125) THS IS VERY MARKED INDEED. IN THE LATTER FAMLY, WHCH IS BY FAR THE LARGEST OF ALL THE ANGIOSPERVS, INCLUDING
ABOUT TEN THOUSAND SPECIES, THE DIFFERENTIATION IS CARRED STILL FURTHER. AMONG OLR NATIVE Compositae THERE ARE THREE WELL-MARKED TYFES. THE FIRST OF
these may be represented by the thistles (Fig. 125, A). THE SO-CALLED FLOMVER OF THE THSTLE IS IN REALITY A CLOSE HEAD OF SMALL, TBBUAR FLOWERS ( Fig. 125,
C), EACH PERFECT IN ALL RESPECTS, HAVING AN INFERIOR ONE-CELLED OVARY, FIVE STAMENS WITH THE ANTHERS UNITED, AND A FIVE-PARTED OCOROLLA. THE SEPALS (HERE
called the “pappus”) (p) HAVE THE FORM OF FINE HAIRS. THESE LITTLE FLOWERS ARE ATTACHED TO THE ENLARGED UPPER END OF THE FLOWER STALK (RECEPTACLE, r), AND
ARE SURROUNDED BY CLOSELY OVERLAFPING BRACTS OR SCALE LEAVES WHCH LOOK LIKE A CALYX; THE FLOWERS, ON SUPERFICAL EXAMNATION, APFEAR AS SINGLE
petals. In other forms like the daisy and may-weed (Eig. 125, F), ONLY THE CENTRAL FLOWERS ARE PERFECT, AND THE EDGE OF THE INFLORESCENCE IS COMPOSED
OF FLOWERS WHOSE OOROLLAS ARE SPLIT AND FLATTENED OUT, BUT THE STAMENS AND SOVETIVES THE PISTILS ARE WANTING IN THESE SO-CALLED “RAY-FLOWERS.” IN THE
third group, of which the dandelion (Fig. 125, H), CHOORY, LETTUCE, ETC., ARE EXANFLES, ALL OF THE FLOWERS HAVE STRAP-SHAFED, SFLIT COROLLAS, AND CONTAIN
both stamens and pistils.

THEFAMLES OF THE  Aggregatae ARE THE FOLLOWNG: |. Rubiaceae oF wHoH Houstonia (Eig. 124, A), Galium (E), Cephalanthus (BUTTON-BUSH), AND
Mitchella (PARTRDGEBERRY) ARE EXAMALES; Il.  Caprifoliacese, CONTANNG THE HONEYSUCKLES (  Lonicera) (Fig. 124, I), Vibumum (G), SNOWBERRY
(Symphoricarpus), AND BDERR ( Sambucus); lll. Valerianeae, REFRESENTED BY THE COMMON VALERAN ( Valeriana) (Fig. 124, L); IV. Dipsacege, OF WHCH
THE TEASEL ( Dipsacus) (Fig. 124, P), Is THE TYFE, AND ALSO SPECES OF SCABIOUS ( Scabiosa); V. Compositae TO WHCH THE INNUMERABLE, SO-CALLED
compound flowers, asters, golden-rods, daisies, sunflowers, etc. belong; VI. Calycereae.

'|. | .' v
. 126.—Aristolochiaceee. A, plant of wild ginger (Asarum), x /4. B, vertical section of the flower, x 1. C, diagram of the flower.

B ESIDES THE GROUPS ALREADY VENTIONED, THERE ARE SEVERAL FAMLIES OF DICOTYLEDONS WHOSE AFFINITIES ARE VERY DOUBTFUL. THEY ARE LARGELY PARASITIC,
€.g. MSILETOE OR WATER PLANTS, AS THE HORNED POND-WEED ( Ceratophyllum). ONe FamLY, THE Aristolochiaceae, REFRESENTED BY THE CURIOUS
“DutcHwaNs PFE’ ( Aristolochia sipho), A WOooDY TWINER WITH VERY LARGE LEAVES, AND THE COMVON WILD GINGER ( Asarum) (Fig. 126), DO NOT AFFEAR TO
be in any wise parasitic, but the structure of their curious flowers differs widely from any other group of plants.



CHAPTER XX.
FERTILIZATION OF FLOWERS.

IF WE COMPARE THE FLOWERS OF DIFFERENT FLANTS, WE SHALL FIND ALMOST INFINITE VARETY IN STRUCTURE, AND THS VARATION AT FIRST APPEARS TO FOLLOW NO FIXED
LAWS; BUT AS WE STUDY THE MATTER MORE THOROUGHLY, WE FIND THAT THESE VARATIONS HAVE A DEEP SIGNFICANCE, AND ALMOST \WITHOUT EXCEPTION HAVE TO DO
with the fertilization of the flower.

IN THE SIMPLER FLOWERS, SUCH AS THOSE OF A GRASS, SEDGE, OR RUSH AMONG THE MONOOOTYLEDONS, OR AN OAK, HAZH, OR FLANTAIN, AMONG DICOTYLEDONS,

THE FLOWERS ARE EXTREVELY INCONSPICUOUS AND OFTEN REDUCED TO THE SIMPLEST FORM. IN SUCH ALANTS, THE POLLEN IS OONVEYED FROM THE MALE FLOWERS TO THE
FEMALE BY THE WIND, AND TO THS END THE FORVER ARE USUALLY ALACED ABOVE THE LATTER SO THAT THESE ARE DUSTED WITH THE POLLEN WHENEVER THE FLANT IS
SHAKEN BY THE WIND. IN THESE ALANTS, THE MALE FLOWERS OFTEN OUTNUVBER THE FEVALE ENORMVOUSLY, AND THE POLLEN IS FRODUCED IN GREAT QUANTTTIES, AND THE
stigmas are long and often feathery, so as to catch the pollen readily. This is very beautifully shown in many grasses.

IF, HOWEVER, WE EXAMNE THE HGHER GROUPS OF FLOWERING FLANTS, WE SEE THAT THE OUTER LEAVES OF THE FLOWER BECOVE MORE CONSPICUOUS, AND THAT
THS IS OFTEN CORRELATED WITH THE DEVELORVENT OF A SWEET FLUD (NECTAR) IN CERTAIN PARTS OF THE FLOWER, WHLLE THE WIND-FERTILIZED FLOAERS ARE DESTITUTE OF
this as well as of odor.

IF WE WATCH ANY BRIGHT-COLORED OR SWEET-SCENTED FLOWER FOR ANY LENGTH OF TIVE, WE SHALL HARDLY FAIL TO OBSERVE THE VISITS OF INSECTS TO IT, IN SEARCH
OF FOLLEN OR HONEY, AND ATTRACTED TO THE FLOWER BY TS BRIGHT COLOR OR SWEET FERFUME. IN ITS VISITS FROM FLOWER TO FLOWER, THE INSECT IS ALMOST CERTAN TO
transfer part of the pollen carried off from one flower to the stigma of another of the same kind, thus effecting pollination.

THAT THE FERTILIZATION OF A FLOWER BY POLLEN FROM ANOTHER IS BENEFICIAL HAS BEEN SHOWN BY MANY CAREFUL EXPERIVENTS WHCH SHOW THAT NEARLY ALWAYS
—AT LEAST IN FLOWERS WHERE THERE ARE SPECIAL CONTRIVANCES FOR CROSS-FERTILIZATION—THE NUVBER OF SEEDS IS GREATER AND THE QUALITY BETTER WHERE OROSS-
FERTILIZATION HAS TAKEN PLACE, THAN WHERE THE FLOWER IS FERTILIZED BY TS OWN POLLEN. F ROM THESE EXPERIVENTS, AS WELL AS FROM VERY NUVEROUS STUDIES ON
THE STRUCTURE OF THE FLOWER WITH REFERENCE TO INSECT AID IN FERTILIZATION, WE ARE JUSTIFIED IN THE CONCLUSION THAT ALL BRIGHT-COLORED FLOAERS ARE, TO A GREAT
EXTENT, DEFENDENT UPON INSECT AID FOR TRANSFERRING THE POLLEN FROM ONE FLOWER TO ANOTHER, AND THAT MANY, ESPECIALLY THOSE WITH TUBULAR OR ZYGOMORPHC
(bilateral) flowers are perfectly incapable of self-fertilization. In a few cases snails have been known to be the conveyers of pollen, and the humming-
birds are known in some cases, as for instance the trumpet-creeper (Fig. 121, A), to take the place of insects.[14]

AT FIRST SIGHT IT WOULD APPEAR THAT MOST FLOWERS ARE ESPECIALLY ADAPTED FOR SELF-FERTILIZATION, BUT IN FACT, ALTHOUGH STAMENS AND PSTLLS ARE IN THE
SANE FLOWER, THERE ARE USUALLY EFFECTIVE PREVENTIVES FOR AVODING SELF-FERTILIZATION. IN A FEW CASES INVESTIGATED, IT HAS BEEN FOUND THAT THE POLLEN FROM
THE FLOWER WILL NOT GERVINATE UFON ITS OWN STIGVA, AND IN OTHERS IT SEBVS TO ACT INJUROUSLY. ONE OF THE COMVIONEST MEANS OF AVOIDING SELF-FERTILIZATION
IS THE MATURNG OF STAMENS AND PISTILS AT DIFFERENT TIVES. USUALLY THE STAMENS RPEN FIRST, DISCHARGING THE POLLEN AND \WMITHERNG BEFORE THE STIGMVA IS
READY TO RECEVEIT, €.g. WLLOW-HERB ( Fig. 113, D), caMPaNULA ( Fig. 123, A, D), AND FEA; IN THE TWO LATTER, THE POLLEN IS OFTEN SHED BEFORE THE FLOWER
opens. Not so frequently the stigmas mature first, as in the plantain (Fig. 121, G).

IN MANY FLOWERS, THE STAMENS, AS THEY RPEN, MOVE SO AS TO FLACE THEVSELVES DIRECILY BEFORE THE ENTRANCE TO THE NECTARY, WHERE THEY ARE
NECESSARLY STRUCK BY ANY INSECT SEARCHING FOR HONEY; AFTER THE FOLLEN IS SHED, THEY MOVE ASIDE OR BEND DOWNWARD, AND THER FLACE IS TAKEN BY THE
PISTLL, SO THAT AN INSECT WHCH HAS OOVE FROM A YOUNGER FLOWER WILL STRKE THE PART OF THE BODY PREVIOUSLY DUSTED WITH POLLEN AGAINST THE STIGVA, AND
deposit the pollen upon it. This arrangement is very beautifully seen in the nasturtium and larkspur (Fig. 99, J).

THE TUBULAR FLOWERS OF THE Sympetalae ARE ESPECALLY ADAPTED FOR POLLINATION BY INSECTS WITH LONG TONGUES, LIKE THE BEES AND BUTTERFLIES, AND IN
MOST OF THESE FLOWERS THE RELATIVE FOSITION OF THE STANENS AND RISTLL IS SUCH AS TO ENSURE OROSS-FERTILIZATION, WHCH IN THE MAJORITY OF THEMV AFFEARS TO
be absolutely dependent upon insect aid.

THE GREAT ORCHD FAMLY IS WELL KNOWN ON ACOOUNT OF THE SINGULAR FORM AND BRILLIANT COLORS OF THE FLOWERS WHICH HAVE NO EQUALS IN THESE RESPECTS
IN THE WHOLE VEGETABLE KINGDOM. A'S MGHT BE EXPECTED, THERE ARE NUVEROUS CONTRIVANCES FOR CROSS-FERTILIZATION AMONG THEM, SOVE OF WHCH ARE SO
EXTRAORDINARY AS TO BE SCARCELY CREDBLE. WTH FEW EXCEPTIONS THE POLLEN IS SO ALACED AS TO RENDER ITS REMOVAL BY INSECTS NECESSARY. ONE OF THE
SIMPLER CONTRVANCES IS READLY STUDIED IN THE LITTLE SPRNG-ORCHS ( Fig. 89) orR o\E OF THE Habenarias (Fig. 90, G). IN THE FIRST, THE TWO POLLEN MASSES
TAPER BELOW WHERE EACH IS ATTACHED TO A VISOD DISC WHCH IS OOVERED BY A DELICATE MEVBRANE. THESE DISCS ARE SO FLACED THAT WHEN AN INSECT
ENTERS THE FLOWER AND THRUSTS ITS TONGUE INTO THE SPUR OF THE FLOWER, ITS HEAD IS BROUGHT AGAINST THE MEVBRANE COVERNG THE DISCS, RUPTURING IT SO AS TO
EXPOSE THE DISC WHCH ADHERES FIRVLY TO THE HEAD OR TONGUE OF THE INSECT, THE SUBSTANCE COMPOSING THE DISC HARDENING LIKE CEMENT ON EXPOSURE TO
THE AR AS THE INSECT WITHDRAWS TS TONGUE, ONE OR BOTH OF THE POLLEN MASSES ARE DRAGGED OUT AND CARRED AWAY. THE ACTION OF THE INSECT MAY BE
IMTATED BY THRUSTING A SMALL GRASS-STALK OR SOME SIMLAR BODY INTO THE SPUR OF THE FLOWER, WHEN ON WITHDRAWING [T, THE TWO FOLLEN MASSES WILL BE
REMOVED FROM THE FLOWER. |F WE NOW EXAMNE THESE CAREFULLY, WE SHALL SEE THAT THEY CHANGE POSITION, BENG NEARLY UPRGHT AT FIRST, BUT QUICKLY BENDING
DOWNWARD AND FORWNARD (- Fig. 89, D, 1, 1), SO THAT ON THRUSTING THE STEM INTO ANOTHER FLOMER THE POLLEN MASSES STRKE AGAINST THE STICKY STIGVATIC
surfaces, and a part of the pollen is left adhering to them.

THE LAST ARRANGEVENT THAT WILL BE MENTIONED HERE IS ONE DISOOVERED BY D ARWIN IN A NUVBER OF VERY WIDELY SEPARATED FLANTS, AND TO WHCH HE
GAVE THE NAME “HETEROSTYLISM” EXAMALES OF THS ARE THE PRIVROSES ( Primula), LOOSESTRFE ( Lythrum), PARTRDGE-BERRY ( Mitchella), AOKERE-WEED
(Pontederia), (Fig. 84, /), AND OTHERS. IN THESE THERE ARE TWO, SOVETIVES THREE, SETS OF FLOWERS DIFFERNG VERY MUCH IN THE RELATIVE LENGTHS OF STAVENS
AND PSTLL, THOSE WITH LONG PISTILS HAVING SHORT STAMVENS AND vice versa. WHEN AN INSECT VISITS A FLOWER WITH SHORT STAVENS, THAT PART IS COVERED WITH
POLLEN WHCH IN THE SHORT-STYLED (BUT LONG-STANMENED) FLOWER WILL STRKE THE STIGVA, AS THE PSTIL IN ONE FLOWER IS ALMOST EXACTLY OF THE LENGTH OF THE
stamens in the other form. In such flowers as have three forms, e.g. Pontederia, each flower has two different lengths of stamens, both differing from
THE STYLE OF THE SAME FLOAER MICROSOOPC EXAMNATION HAS SHOWN THAT THERE IS GREAT VARATION IN THE SIZE OF THE POLLEN SPORES IN THESE FLANTS, THE
large pollen from the long stamens being adapted to the long style of the proper flower.

IT WILL BE FOUND THAT THE CHARACTER OF THE OOLOR OF THE FLOWER IS RELATED TO THE INSECTS VISITING IT. BRILLIANTLY COLORED FLOWERS ARE USUALLY VISITED BY
BUTTERFLIES, BEES, AND SIMLAR DAY-FLYING INSECTS. F LOAERS OPENING AT NIGHT ARE USUALLY WHTE OR PALE YELLOW, COLORS BEST SEEN AT NIGHT, AND IN ADDITION
USUALLY ARE VERY STRONGLY SCENTED SO AS TO ATTRACT THE NGHT-FLYING MOTHS WHICH USUALLY FERTILIZE THEM. S OVETIVES DULL-0OLORED FLOWERS, WHICH FREQUENTLY
have a very offensive odor, are visited by flies and other carrion-loving insects, which serve to convey pollen to them.

OCCASIONALLY, FLOWERS IN THEVBELVES INOONSPICUOUS ARE SURROUNDED BY SHOWY LEAVES OR BRACTS WHCH TAKE THE FLACE OF THE PETALS OF THE SHOMER
flowers in attracting insect visitors. The large dogwood (Fig. 110, J), the calla, and Jack-in-the-pulpit (Fig. 86, A) are illustrations of this.






CHAPTER XXI.
HISTOLOGICAL METHODS.

IN THE MORE EXACT INVESTIGATIONS OF THE TISSUES, IT IS OFTEN NECESSARY TO HAVE REOOURSE TO OTHER REAGENTS THAN THOSE WE HAVE USED HTHERTO, IN
ORDER TO BRING OUT FLAINLY THE MORE OBSCURE FONTS OF STRUCTURE. THSS IS ESPECALLY THE CASE IN STUDIES IN CELL DVISION IN THE HGHER FLANTS, WHERE THE
changes in the dividing nucleus are very complicated.

For studying these the most favorable examples for ready demonstration are found in the final division of the pollen spores, especially of some monocotyledons. An exiremely good
subject is offered by the common wild onion (Allium Canadense), which flowers about the last of May. The buds, which are generally partially replaced by small bulbs, are enclosed in a
spathe or sheath which entirely conceals them. Buds two to three millimetres in length should be selected, and these opened so as to expose the anthers. The latter should now be
removed to a slide, and carefully crushed in a drop of dilute acetic acid (one-half acid to one-half distilled water). This at once fixes the nuclei, and by examining with a low power, we can
determine at once whether or not we have the right stages. The spore mother cells are recognizable by their thick transparent walls, and if the desired dividing stages are present, a drop
of staining fluid should be added and allowed to act for about a minute, the preparation being covered with a cover glass. After the stain is sufficiently deep, it should be carefully
withdrawn with blotting paper, and pure water run under the cover glass.

The best stain for acetic acid preparations is, perhaps, gentian violet. This is an aniline dye readily soluble in water. For our purpose, howewer, it is best to make a concentrated,
alcoholic solution from the dry powder, and dilute this as it is wanted. A drop of the alcoholic solution is diluted with several times its volume of weak acetic acid (about two parts of
distilled water to one of the acid), and a drop of this mixture added to the preparation. In this way the nucleus alone is stained and is rendered very distinct, appearing of a beautiful violet-
blue color.

If the preparation is to be kept permanently, the acid must all be washed out, and dilute glycerine run under the cover glass. The preparation should then be sealed with Canada
balsam or some other cement, but previously all trace of glycerine must be remowved from the slide and upper surface of the cover glass. Itis generally best to gently wipe the edge of the
cover glass with a small brush moistened with alcohol before applying the cement.

. 127 —A, pollen mother cell of the wild onion. n, nucleus. B-F, early stages in the division of the nucleus. par. nucleolus; acetic acid, gentian violet, x 350.

If the spore mother cells are still quite young, we shall find the nucleus (Fig. 127, A, n) comparatively small, and presenting a granular appearance when strongly magnified. These
granules, which appear isolated, are really parts of filaments or segments, which are closely twisted together, but scarcely visible in the resting nucleus. On one side of the nucleus may
usually be seen a large nucleolus (called here, from its lateral position, paranucleus), and the whole nucleus is sharply separated from the surrounding protoplasm by a thin but evident
membrane.

The first indication of the approaching division of the nucleus is an evident increase in size (B), and at the same time the colored granules become larger, and show more clearly that
they are in lines indicating the form of the segments. These granules next become more or less confluent, and the segments become very evident, appearing as deeply stained, much-
twisted threads filling the nuclear cavity (Fig. 127, C), and about this time the nucleolus disappears.

The next step is the disappearance of the nuclear membrane so that the segments lie apparently free in the protoplasm of the cell. They arrange themselves in a flat plate in the
middle of the cell, this plate appearing, when seen from the side, as a band running across the middle of the cell. (Fig. 127, D, shows this plate as seen from the side, E seen from
abowe.)

About the time the nuclear plate is complete, delicate lines may be detected in the protoplasm converging at two points on opposite sides of the cell, and forming a spindle-shaped
figure with the nuclear plate occupying its equator. This stage (D), is known as the “nuclear spindle.” The segments of the nuclear plate next divide lengthwise into two similar daughter
segments (F), and these then separate, one going to each of the new nuclei. This stage is not always to be met with, as it seems to be rapidly passed over, but patient search will
generally reveal some nuclei in this condition.

1. B

. 128.—L ater stages of nuclear divisions in the pollen mother cell of wild onion, x 350. All the figures are seen from the side, except Bii, which is viewed from the pole.

Although this is almostimpossible to demonstrate, there are probably as many filaments in the nuclear spindle as there are segments (in this case about sixteen), and along these
the nuclear segments travel slowly toward the two poles of the spindle (Fig. 128, A, B). As the two sets of segments separate, they are seen to be connected by very numerous, delicate



threads, and about the time the young nuclei reach the poles of the nuclear spindle, the first frace of the division wall appears in the form of isolated particles (microsomes), which arise
first as thickenings of these threads in the middle of the cell, and appear in profile as a line of small granules not at first extending across the cell, but later, reaching completely across it
(Fig. 128, C, E). These granules constitute the young cell wall or “cell plate,” and finally coalesce to form a continuous membrane (Fig. 128, F).

The two daughter nuclei pass through the same changes, but in reverse order that we saw in the mother nucleus previous to the formation of the nuclear plate, and by the time the
partition wall is complete the nuclei have practically the same structure as the first stages we examined (Fig. 128, F).[15]

This complicated process of nuclear division is known technically as “karyokinesis,” and is found throughout the higher animals as well as plants.

THE SIVPLE METHOD OF FIXING AND STAINNG, JUST DESCRBED, WHLE GVING EXCELLENT RESULTS IN MANY CASES, IS NOT ALWAYS APFLICABLE, NOR AS A RULE
ARE THE PERVANENT FREPARATIONS SO MADE SATISFACTORY. F OR FERVANENT PREPARATIONS, STRONG ALOOHOL (FOR VERY DELICATE TISSUES, ABSOLUTE ALCOHOL, WHEN
PROCURABLE, IS BEST) IS THE MOST CONVENENT FIXING AGENT, AND GENERALLY VERY SATISFACTORY. S PECIVENS MAY BE PUT DIRECTLY INTO THE ALOOHOL, AND ALLOWED
TO STAY TWO OR THREE DAYS, OR INDEFINITELY  IF NOT WANTED IMVEDIATELY. VW HEN ALOOHOL DOES NOT GIVE GOOD RESULTS, SFECIVENS FIXED \MTH CHROMC OR PICRC
ACD MAY GENERALLY BE USED, AND THERE ARE OTHER FIXING AGENTS WHCH WILL NOT BE DESCRBED HERE, AS THEY WILL HARDLY BE USED BY ANY EXCEPT THE
PROFESSIONAL BOTANST. CHROMC ACD IS BEST USED IN A WATERY SOLUTION (FIVE PER CENT CHROMC ACDD, NINETY-FIVE PER CENT DISTILLED WATER). FOR MOST
PURPOSES A ONE PER CENT SOLUTION IS BEST; IN THS THE OBJECTS REVAIN FROM THREE OR FOUR TO TWENTY-FOUR HOURS, DEPENDING ON SIZE, BUT ARE NOT INVURED BY
REMAINNG LONGER. P IORIC ACD IS USED AS A SATURATED SOLUTION IN DISTILLED WATER, AND THE SPECIVEN MAY REMAIN FOR ABOUT THE SAME LENGTH OF TIVE AS
IN THE CHROMC ACD. AFTER THE SPECIVEN IS FROPERLY FIXED IT MUST BE THOROUGHLY WASHED IN SEVERAL WATERS, ALLOWING IT TO REMAIN IN THE LAST FOR TWENTY-
four hours or more until all trace of the acid has been removed, otherwise there is usually difficulty in staining.

AS STAINNG AGENTS MANY OOLORS ARE USED. THE MOST USEFUL ARE HEMATOXYLIN, CARMINE, AND VAROUS ANLINE COLORS, AMONG WHCH MAY BE
VENTIONED, BESIDES GENTIAN VIOLET, SAFRANNE, B ISMAROK BROWN, VETHYL VIOLET. H/ZEMATOXYLIN AND CARMNE ARE PREPARED IN VAROUS WAYS, BUT ARE BEST
PURCHASED READY FOR USE, ALL DEALERS IN MOROSCOPC SUPPLIES HAVING THEM IN STOCK. THE ANILINE OOLORS MAY BE USED HTHER DISSOLVED IN ALOOHOL OR
WATER, AND WITH ALL, THE BEST STAN, ESPECALLY OF THENUCLELS, IS OBTAINED BY USING A VERY DILUTE, WATERY SOLUTION, AND ALLOWING THE SECTIONS TO REVAN
for twenty-four hours or so in the staining mixture.

Haematoxylin and carmine preparations may be mounted either in glycerine or balsam. (Canada balsam dissolved in chloroform is the ordinary
MOUNTING MEDIUM.) IN USING GLYCERINE IT IS SOVETIVES NECESSARY TO ADD THE GLYCERNE GRADUALLY, ALLOMNG THE WATER TO SLOALY EVAPORATE, AS OTHERMSE
THE SPECIVENS WILL SOVETIVES COLLAPSE OWING TO THE TOO RAPD EXTRACTION OF THE WATER FROM THE CELLS. ANLINE OOLORS, AS A RULE, WILL NOT KEEP IN
glycerine, the color spreading and finally fading entirely, so that with most of them the specimens must be mounted in balsam.

GLYCERNE MOUNTS MUST BE CLOSED, WHCH MAY BE DONE WITH C ANADA BALSAM AS ALREADY DESCRBED. THE BALSAM IS BEST KEPT IN A WWIDE-MOUTHED
bottle, specially made for the purpose, which has a glass cap covering the neck, and contains a glass rod for applying the balsam.

B BFORE MOUNTING IN BALSANM, THE SPECIVEN MUST BE COMPLETELY FREED FROM WATER BY MEANS OF ABSOLUTE ALOOHOL. (S OVETIVES CARE MUST BE TAKEN
to bring it gradually into the alcohol to avoid collapsing.[16]) If an aniline stain has been used, it will not do to let it stay more than a minute or so in the
ALOOHOL, AS THE LATTER QUICKLY EXTRACTS THE STAIN. A FTER DEHYDRATING, THE SPECIVEN SHOULD BE ALACED ON A CLEAN SLIDE IN A DROP OF CLOVE OLL (BERGAMOT OR
ORGANUM OLL IS EQUALLY GOOD), WHCH RENDERS IT PERFECTLY TRANSPARENT, WHEN A DROP OF BALSAM SHOULD BE DROPPED UPON IT, AND A PERFECTLY CLEAN OOVER
GLASS ALACED OVER THE PREPARATION. THE CHLOROFORM IN WHCH THE BALSAM IS DISSOLVED WILL SOON EVAFORATE, LEAVING THE OBJECT BVBEDDED IN A
TRANSPARENT FILM OF BALSAM BETWEEN THE SLIDE AND COVER GLASS. NO FURTHER TREATVENT IS NECESSARY. F OR THE FINER DETAILS OF NUCLEAR DIVISION OR SIMLAR
studies, balsam mounts are usually preferable.

IT IS SOMETIVES FOUND NECESSARY IN SECTIONNG VERY SMVALL AND DELICATE ORGANS TO BVBED THEM IN SOME FIRM SUBSTANCE WHCH WILL PERMIT
sectioning, but these processes are too difficult and complicated to be described here.

THE FOLLOWING BOOKS OF REFERENCE MAY BE RECOMVENDED. THS LIST IS, OF COURSE, NOT EXHAUSTIVE, BUT INCLUDES THOSE WORKS WHCH WILL PROBABLY BE
of most value to the general student.

1. Goese.. Outlines of Morphology and Classification.

2. SacHs. Physiology of Plants.

3. DEBARY. Comparative Anatomy of Ferns and Phanerogams.

4. DEBARy. Morphology and Biology of Fungi, Mycetozoa, and Bacteria.

THESE FOUR WORKS ARE TRANSLATIONS FROM THE GERVAN, AND TAKE THE FLACE OF SACHS'S TEXT-BOOK OF B OTANY, A VERY ADMRABLE WORK PUBLISHED
FIRST ABOUT TWENTY YEARS AGO, AND NOW SOVEWHAT ANTIQUATED. TOGETHER THEY CONSTITUTE A FAIRLY EXHAUSTIVE TREATISE ON GENERAL BOTANY.—NEW
York, McMillan & Co.

5. Gray. Structural Botany.—New York, vison & Co.
6. GoobaLE Physiological Botany.—New York, vison & Co.

These two books cover somewhat the same ground as 1 and 2, but are much less exhaustive.
5. STRASBUIRGER Das Botanische Practicum.—Jena.

VW HERE THE STUDENT READS GERVAN, THE ORIGINAL IS TO BE PREFERRED, AS [T IS MUCH MORE COMPLETE THAN THE TRANSLATIONS, WHCH ARE MADE FROM
an abridgment of the original work. This book and the next (7 and 8) are laboratory manuals, and are largely devoted to methods of work.

7. ARHR BARES, and Cow TR Plant Dissection—Holt & Co., New York.
8. WHmMAN. Methods in Microscopic Anatomy and Embryology.—Casino & Co., Boston.

For identifying plants the following books may be mentioned:—

Green algze (exclusive of desmids, but including Cyanophyceae and Volvocineae).



WoLLE Fresh-water Algae of the United States.—Bethlehem, Penn.
Desmids. WaoLLE Desmids of the United States.—Bethlehem, Penn.

The red and brown algae are partially described in FAR.OWS New England Algae. Report of United States Fish Commission, 1879.—
Washington.

The Characeae are being described by Dr. F. F. ALLEN of New York. The first part has appeared.

The literature of the fungi is much scattered. FAR.ow and TRELEASE have prepared a careful index of the American literature on the subject.
Mosses. Lesausraux and JAMES. Mosses of North America.—Boston, Casino & Co.

BAR\ES. Key to the Genera of Mosses.—Bull. Purdue School of Science, 1886.

Pteridophytes. UNberwooD. Our Native Ferns and their Allies.—Holt & Co., New York.

Spermaphytes. Gray. Manual of the Botany of the Northern United States. 6th edition, 1890. This also includes the ferns, and the liverworts.—
New York, vison & Co.

CouweR Botany of the Rocky Mountains.—New York, vison & Co.
CHaPwaN. Flora of the Southern United States.—New York, 1883.
WATsoN Botany of California.



FOOTNOTES.

[1] For the mounting of permanent preparations, see Chapter XIX

[2] The term “colony’ is, perhaps, inappropriate, as the whole mass of cells arises from a single one, and may properly be looked upon as an
individual plant.

[3] Algee (sing. alga).
[4] “Host,” the plant or animal upon which a parasite lives.

[5] The antheridia, when present, arise as branches just below the odgonium, and become closely applied to it, sometimes sending tubes through
its wall, but there has been no satisfactory demonstration of an actual transfer of the contents of the antheridium to the egg cell.

[6] The filaments are attached to the surface of the leaf by suckers, which are not so readily seen in this species as in some others. A mildew
growing abundantly in autumn on the garden chrysanthemum, however, shows them very satisfactorily if a bit of the epidermis of a leaf on which the
fungus is just beginning to grow is sliced off with a sharp razor and mounted in dilute glycerine, or water, removing the air with alcohol. These
suckers are then seen to be globular bodies, penetrating the outer wall of the cell (Fig. 40).

[7]1 Sing. soredium.
[8] Sing. basidium.

[9] Avessel differs from a tracheid in being composed of several cells placed end to end, the partitions being wholly or partially absorbed, so as to
throw the cells into close communication.

[10] In most conifers the symmetrical form of the young tree is maintained as long as the tree lives.
[11] See the last chapter for details.

[12] The three outer stamens are shorter than the inner set.

[13] Moncecious: having stamens and carpels in different flowers, but on the same plant.

14] In a number of plants with showy flowers, e.g. violets, jewel-weed, small, inconspicuous flowers are also formed, which are self-fertilizing.
These inconspicuous flowers are called “cleistogamous.”

[15] The division is repeated in the same way in each cell so that ultimately four pollen spores are formed from each of the original mother cells.

[16] For gradual dehydrating, the specimens may be placed successivelyin 30 per cent, 50 per cent, 70 per cent, 90 per cent, and absolute alcohol.
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Acacia, 209.

Acer, -aceee. See “Maple.”
Acetic acid, 3, 59, 98, 138, 230.
Achlmenes 218.

Acorus. See “Sweet-flag.”

Actinomorphic, 213.

Adder-tongue, 116; Fig. 70. See also “Erythronium.”

Adiantum. See “Maiden-hair.”
Adlumia. See “Mountain-fringe.”
/AEsculinee, 199.
AEsculus. See “Buckeye,” “Horse-chestnut.”
Aggregatee, 222.
Alcohol, 5, 31, 55, 83, 230, 233.
gz, 4,21,
o green, 21.
o red,21,49.
o brown, 21, 41.
Aga-fungi. See “Phycomycetes.”
Alisma, -ceae. See “Water-plantain.”
Allium. See “Wild onion.”
Amaranth, 185.
Amarantus, -aceee. See “Amaranth.”
Amoceba, 7; Fig. 2.
Ampelidee. See “Vine.”
Ampelopsis. See “Virginia creeper.”
Anatomy, 3.
o gross, Implements for study of, 3.
o minute, Implements for study of, 3, 4.
Anatropous, 151.
Andreaeaceae, 99, 100.
Androecium, 148.
Andromeda, 211.
Anemone, 185.
Angiocarpee, 84.
Angiosperm, 129, 143, 145,
Aniline colors, 233.
Anisocarpee, 210, 210 213.
Anonaceze. See “Custard-agg
Anther, 148, 175, 179.

Antherldlum 27,36, 39,45, 51, 59, 68, 89, 96, 106, 122.

Anthoceros, Anthoceroteas ﬂ F|g 57
Aphanocyclee, 185, 196.
Aplectrum, 167; Fig. 90.
Apocynum, -aceee. See “Dog-bane.”
Apostasiese, 164.
Apple, 145, 171, 206; Fig. 114.
Apricot, 207.
Aquilegia. See “Columbine.”
Aralia, -aceze. See “ gikenar
Archicarp, 138 138 145
Arcyria, 13; Fig. 5.
Arethusa, Arethuseae, 166; Fig. 90.
Argemone, 191.
Aril, 189.
Ariseema, 78, 157; Fig. 86.
Aristolochia, -aceee, 224.
Aroid, Aroideae, 157.
Arow-grass, 167.
Arowhead, 167; Fig. 91.
Arrowroot, 163.
Asarum. See “Wild ginger.”
Asclepias, -daceae. See “Mlk-weed.”
Ascobolus, 71-73; Fig. 43.

o culture of, 71.

o spore fruit, 71.

o archicarp, 71.

o spore sacs, 72.
Ascomycetes, 65, 66.
Ascospore, 66.
Ascus, 66, 69.
Ash, 218; Fig. 122.
Asimina. See “Papaw.”
Aspidium, Fig. 70.
Asplenium, 104; Fig. 70.

Aster, 224.
Atropa. See “Deadly nightshade.”
Axl, 174.

Azalea, 210; Fig. 116.
Azolla, 117; Fig. 71.

Bacteria, 15, 17, 19; Fig. 8.
Balsam, Balsamineae, 198.
Bamboo, 162.




Bambusa. See “Bamboo.”
Banana, 163.

Barberry, 17, 187; Fig. 101.
Bark. See “Cortex.”
Basidiomycetes, 77.
Basidium, 77, 80, 83.
Basswood, 195; Fig. 106.

Bast. See “Phloem.”

Batatas. See “Sweet-potato.”
Batrachospermum, 53; Fig. 31.
Bean, 207, 208.

Bear-grass. See “Yucca.”

Bee, 227, 228.

Beech, 183.

Beech-drops, 218.

Beet, 184.

Beggar’s-ticks, 215.

Begonia, 3, 205.

Bell-flower, 220, 226; Fig. 123.
Bellwort, 156.

Berberis, -idese. See “Barberry.”
Bergamot oil, 234.

Berry, 145, 156.

Betulaceae, 183.

Bicomes, 210.

Bignonia, -aceee, 218.

Biology, 2.

Birch, 183.

Bird’s-nest fungus. See “Cyathus.”
Bishop’s cap, 202; Fig. 111.
Bismarck brown, 233.
Bitter-sweet, 199; Fig. 109.
Black alder, 199.

Blackberry, 207.

Black fungi. See “Pyrenomycetes.”
Bladder-nut, 199; Fig. 108.
Bladder-weed, 33, 217; Fig. 120.
Bleeding-heart. See “Dicentra.”
Blood-root, 191; Fig. 103.
Blue-eyed grass, 156.
Blue-flag. See “Iris.”

Blue-green slime, 15.

Blue valerian. See “Polemonium.”
Borage, 215.

Borraginege. See “Borage.”
Bordered pits, 138.

Botany defined, 2.

o systematic, 3.
Botrychium. See “Grape fern.”
Box, 201.

Bract, 199, 222, 229
Brasenia. See “Water-shield.”

Bromeliaceae, 156.
Bryophyte, 86.

Buck-bean, 218.

Buckeye, 171, 199.
Buckthorn, 199.

Buckwheat, 184.

Budding, 64.

Bulbochaete, 28; Fig. 16.
Bulb, 146, 153, 172.

Bulrush, 161; Fig. 87.
Bundle-sheath, 110, 176.
Burning-bush. See “Spindle-tree.”
Bur-reed, 159; Fig. 86.
Buttercup, 181, 185; Fig. 99.
Butterfly, 227, 228.
Button-bush, 223.
Buttonwood. See “Sycamore.”
Buxus, Buxaceee. See “Box.”



Cabbage, 192.
Cabombeee, 190.
Cactus, Cactacese, 203; Fig. 112.
Caesalpineae, 210.
Calcium, 2.
Calla, 157, 229.
Callithamnion, 50-52; Fig. 29.

o general structure, 51.

o tetraspores, 51.

o procarp, 51.

o antheridium, 51.

o spores, 52.
Callitriche, -chaceae. See “Water starwort.”
Calluna. See “Heath.”
Calopogon, 166; Fig. 91.
Calycanthus, -aceee, 187; Fig. 100.
Calycereze, 223.
Calycifloree, 200.
Calyx 174, 182.
Cambium, 137-138, 175.
Campanula. See “Bell-flower.”
Campanulaceae, 220.
Campanulinee, 220.
Canada balsam, 230-234.
Canada thistle, 224; Fig. 125.
Canna, -aceee, 162, 163; Fig. 88.
Caper family, 194.
Cappatris, -idege. See “Caper.”
Caprifoliaceae, 223.
Capsella. See “Shepherd’s-purse.”
Caraway, 202.
Carbon, 2, 95.
Carbon-dioxides, 95.
Cardinal-flower. See “Lobelia.”
Carex, 161; Fig. 87.
Carmine, 25, 233.
Carnation, 185.
Carpel, 148, 154, 175, 179.
Carpophyll. See “Carpel.”
Carpospore, 51-53.
Carrot, 202.
Caryophylleae. See “Pink.”
Caryophyllus. See “Clove.”
Castalia, 189.
Castor-bean, 200.
Catalpa, 218.
Cat-brier, 154.
Catkin, 181.
Catnip, 215.
Cat-tail, 159.
Cedar apple, Cedar rust. See “Gymnosporangium.”
Celastraceae, 199.
Celastrus. See “Bitter-sweet.”
Celery, 3.
Cell, 6.

apical, 38, 96, 105, 115.
division, 23, 31, 229.
row, 8; Fig. 3.
mass, 8; Fig. 4.

o sap,6,151.
Cellulose, 3.
Centaury, 219.
Centrospermee, 183.
Cephalanthus. See “Button-bush.”
Cerastium. See “Chick-weed.”
Ceratophyllum. See “Horned pond-weed.”
Cercis. See “Red-bud.”
Chameerops. See “Palmetto.”
Chara, 38-40; Fig. 23.

o general structure, 38.
method of growth, 39.
cortex, 39.
non-sexual reproduction, 39.
odgonium, 39.
antheridium, 39, 40.
spermatozoids, 40.

o germination, 40.
Characeee, 21, 37, 40.
Chareae, 40.
Cheiranthus. See “Wall-flower.”
Chenopodium, -aceae. See “Goose-foot.”
Cherry, 15, 206; Fig. 114.
Chicory, 223.
Chick-weed, 185; Fig. 98.
Chimaphila. See “Prince’s pine.”
Chionanthus. See “Fringe-tree.”
Chlorine, 2.
Chlorococcum, 23; Fig. 12.
Chloroform, 234.
Chloroplast, 22, 45.
Chlorophyll, 15.
Chlorophyll body. See “Chloroplast.”
Chlorophyceae, 21.

o
o
o
o
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Chondrus. See “Irish moss.”
Choripetalae, 181, 208.
Chromic acid, 25-35, 233.
Chromoplast, 150.
Cicinnobulus, 69; Fig. 39.
Cilium, 8.
Cinquefoil, 206.
Cistaceee. See “Rock-rose.”
Cistifloree, 192.
Citron, 196.
Citrus. See “Orange,” “Lemon.”
Cladophora, 24, 25.
o structure of cells, 25.
o nuclei, 25.
o cell division, 25.
o zo0spores, 25.
Classification, 3-9.
Clavaria, 85; Fig. 51.
Claytonia. See “Spring-beauty.”
Clematis, 185.
Climbing plants, 171.
Closterium, 33; Fig. 20.
Clowe, 205.
Clowe oil, 234.
Clower, 207.
Club moss, 116.
o larger, 116.
o smaller, 123-126; Fig. 74.
= gross anatomy, 125.
s spores, 126.
s prothallium, 126.
s systematic position, 126.
Cluster-cup, 78.
Cocos. See “Palm-coco,” 159.
Coleocheete, 28; Fig. 17.
Collateral fibro-vascular bundle, 135.
Collema, 76; Fig. 44.
Columella, 55.
Columbine, 186; Fig. 99.
Column, 165.
Columniferae, 195.
Commelyneee, 157.
Compositae, 223, 224.
Compound flower, 224.
o leaf, 159, 170.
Conceptacle, 45.
Cone, 131.
Conferva, 26.
Confervaceee, 21, 24.
Conidium, 68.
Conifer, 129, 140, 141.
Coniferae. See “Conifer.”
Conjugatee, 22—29.
Connective, 148.
Conocephalus. See “Liverwort, giant.”
Contortze, 218.
Convolvulaceae, 213.
Convolvulus. See “Morning-glory.”
Coprinus, 82—84; Fig. 48.
o general structure, 82, 83.
o young spore fruit, 83.
o gills basidia, 83.
o spores, 84.
Coral root, 167.
Corallorhiza. See “Coral root.”
Coriander, 202.
Corn, 160, 161.
Comus, -aceae. See “Dogwood.”
Corolla, 174, 182.
Cortex, 39, 130.
Corydalis, 192.
Cotton, 195.
Cotyledon, 134, 146, 180.
Cowslip, 211.
Coxcomb, 185.
Crab-apple, 77, 80.
Cranberry, 211.
Crassulaceee, 203.
Crane’s-bill, 3, 196; Fig. 107.
Cress, 192.
Croton, 200.
Cruciferee. See “Mustard family.”
Crucifloree. See “Rhoeadinee.”
Cucumber, 221.
Cucumber-tree. See “Magnolia.”
Cucurbitaceae. See “Gourd.”
Cup fungi (“Discomycetes”), 71.
Cupuliferse, 183.
Curl, 66.
Currant, 203.
Cuscuta. See “Dodder.”
Custard-apple, 186.

Cyanophyceee. See “Blue-green slime.”
Cyathus, 84; Fig. 50.
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Cycad, -eae, 140.
Cycas revoluta, 141; Fig. 71.
Cyclamen, 212.
Cynoglossum. See “Hound’s-tongue.”
Cyperaceze. See “Sedge.”
Cyperus, 161.
Cypress, 142.
Cypripedium. See “Lady's-slipper.”
Cystopus. See also “White rust.”

o bliti, 57; Fig. 33.
general structure, 57.
structure of filaments, 57.
non-sexual spores (conidia), 57.
germination of conidia, 58.
resting spores, 59.
odgonium, 59.
antheridium, 59.
candidus, 60; Fig. 34.

Daisy, 223.

Dandelion, 66, 223; Fig. 125.
Darlingtonia, 195.

Datura. See “Stramonium.”

Day lily, 155.

Deadly nightshade, 215.

Dead nettle, 215; Fig. 120.
Delphinium. See “Larkspur.”
Dermatogen, 176.

Desmid, 33, 34; Fig. 20.

Devil’s apron. See “Laminaria.”
Dianthus. See “Pink.”
Diatomaceee, 41, 42; Figs. 24, 25.

o structure, 42.

o movements, 42.

o reproduction, 42.
Dicentra, 192; Fig. 103.
Dicotyledon, 145, 170, 181, 225.
Digitalis. See “Foxglove.”
Dicecious, 88.

Dioneea. See “Venus'’s fly-trap.”
Dioscoreee. See “Yam.”

Dioscorea villosa, 154.

Diospyros. See “Persimmon.”
Diospyrinee, 210.

Dipsacus, -aceze. See “Teasel.”
Dirca. See “Moosewood.”
Ditch-moss, 167; Fig. 91.

Dodder, 214.

Dodecatheon. See “Shooting-star.”
Dog-bane, 219; Fig. 122.
Dogwood, 202, 229; Fig. 110.
Draparmaldia, 26; Fig. 14.

Drosera -aceee. See “Sun-dew.”
Drupe. See “Stone-fruit.”
Duck-weed, 159; Fig. 86.
Dutchman’s pipe. See “Aristolochia.”

Earth star. See “Geaster.”

Ebenaceee (ebony), 212.
Echinospermum. See “Beggar’s-ticks.”
Ectocarpus, 45, 47; Fig. 28.

Eel-grass, 168, 169; Fig. 91.
Egg apparatus, 144.
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Egg-plant, 215.

Eichler, 153.

Elater, 91, 122.

Elder, 224.

Elaseagnaceae, 206.

Elm, 183.

Elodea. See “Ditch-moss.”

Embryology, 3.

Embryo sac, 143, 144, 151

Enantioblastae, 153, 156; Fig. 85.
2

n

Endosperm, 133, 146, 152
Entire leaves, 170.
Entomophthoreae, 57.

Epacrideee, 210.

Epigaea. See “Trailing arbutus.”
Epilobium. See “Willow-herb.”

Epiphegus. See “Beech-drops.”
Epiphyte, 166.
Equisetum, -tinae. See “Horse-tail.”
Ergot, 76.
Erica, -aceae. See “Heath.”
Erysiphe, 70.
Erythreea. See “Centaury.”
Erythronium, 146-152; Fig. 81.

o leaf, 146.

o stem, 146.

o root, 146.

o gross anatomy of stem, 147.



flower, 148.

fruit and seed, 150.
histology of stem, 150.
of leaf, 150.

of flower, 151.

of owle and seed, 151, 152.
Eschscholtzia, 191.

Eucalyptus, 206.

Eucyclee, 196, 200.

Eudorina, 20.

Euglena, 11, 19; Fig. 9.
Euonymus. See “Spindle-tree.”
Euphorbia, 199; Fig. 109.
Eurotium, 70; Fig. 42.

Evening primrose, 206.
Exoascus, 66.
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Fagopyrum. See “Buckwheat.”
Feather-veined. See “Pinnate-veined.”
Fem, 5, 102, 104, 116.

o flowering, 118; Fig. 70.
lady, 104; Fig. 70.
maiden-hair. See “Maiden-hair fern.”
ostrich. See “Ostrich-fern.”
sensitive, 104.
true, 117.

o water. See “Water-fern.”
Fertilization, 225.
Fibre, 124,175, 177.

o 0 0 0 o

Fig, 183.

Figwort, 215, 216; Fig. 120.
Filament (of stamen), 148, 17.
Filices. See “True ferns.”
Filicineee. See “Fern.”

Fir, 142.

Fission, 23.

Flagellata, 19.
Flagellum, 19.

Flax, 197; Fig. 107.

Flies, 229.

Flower, 128, 131.
Flowering-plant. See “Spermaphyte.”
Forget-me-not, 215.
Four-o’clock, 183.
Foxglove, 217.
Frangulinee, 199.

Fraxinus. See “Ash.”
Fringe-tree, 218; Fig. 122.
Fruit, 145.

Fucaceae, 43.

Fuchsia, 201.

Fucus, 42—46.

o vesiculosus, 43; Figs. 26, 27.
general structure, 43, 44.
conceptacles, 44.
collecting plants, 44.
cells, 44.
chloroplasts, 44.
odgonium, 45.
platycarpus, 45.
antheridium, 45, 46.
fertilization, 46.

o germination, 46.
Fumariaceze. See “Fumitory.”
Fumitory, 192.

Funaria, 93-99; Figs. 58-62.

o gross anatomy, 93, 94.

protonema, 93.

“flower,” 94.

structure of leaf, 94.

chloroplasts, division of, 95.
formation of starch in chloroplasts, 95.
structure of stem, 96.

root hairs, 96.

buds, 96.

antheridium spermatozoids, 96, 97.
archegonium, 97.

embryo, 98.

capsule and spores, 98, 99.

o germination of spores, 99.
Fungi, culture of, 5, 54.

o true. See “Mycomycetes.”

o alga. See “Phycomycetes.”
Funiculus, 151, 175.

Funkia. See “Daylily.”
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Galium, 223; Fig. 124.
Gamopetalae. See “Sympetalse.”
Gaultheria. See “Wintergreen.”
Gaylussacia. See “Huckleberry.”
Geaster, 84; Fig. 49.

Gentian, 218; Fig. 122.

Gentian violet, 4, 138, 231.
Gentiana, -aceae. See “Gentian.”
Geranium, -aceee, 3, 171, 196; Fig. 107.
Gerardia, 217.

Germ cell. See “Egg cell.”
Gesneraceae, 218.

Ghost flower. See “Indian-pipe.”
Gill, 83.

Ginger, 163.

Gingko, 142; Fig. 78.
Gleditschia. See “Honey locust.”

Gloxinia, 218.
Glumaceee, 153, 160; Fig. 87.
Glume, 162.

Gnetaceee. See “Joint fir.”
Golden-rod, 224.

Gonium, 20.

Gooseberry, 203; Fig. 111.
Goose-foot, 184; Fig. 98.
Gossypium. See “Cotton.”
Gourd, 221.

Gramineze. See “Grass.”
Grape, 171, 199; Fig. 109.
Grape fern, 116; Fig. 70.
Graphis, 75; Fig. 45.

Grass, 161, 225; Fig. 87.
Graymoss. See “Tillandsia.”
Green-brier, 154.

Green-felt. See “Vaucheria.”
Green monad, 12, 19.
Green slime, 21, 22; Fig. 11.
Ground pine, 123; Fig. 73.

Gruinales, 196.

Guard cell, 113, 135, 150.

Gulf weed. See “Sargassum.”
Gum. See “Eucalyptus.”
Gymnocarpee, 84.
Gymnosperm, 129, 141.
Gymnosporangium, 79-81; Fig. 47.

o cedarapples, 79.

o spores, 80.
Gynandree, 153, 164.
Gyncecium, 148, 167.
Gynostemium. See “Column.”

Habenaria, 166, 227; Fig. 90.
Haematoxyin, 233.
Hair, 8, 177.
Haloragidacese, 206.
Hazel, 182, 183, 225; Fig. 97.
Head, 181.
Heath, 211.
Helobiege, 153, 167.
Hemerocallis. See “Day lily.”
Hemi-angiocarpee, 84.
Hemlock, 142; Fig. 78.
Hemp, 183.
Hepaticae. See “Liverwort.”
Hermaphrodite, 199.
Heterocyst, 17.
Heterostylism, 228.
Hibiscus, 195.
Hickory, 170, 183.
Holly, 199.
Hollyhock, 195.
Honeylocust, 209.
Honeysuckle, 170, 172, 181, 223; Fig. 124.
Hop, 171, 181; Fig. 97.
Horned pond-weed, 224.
Horse-chestnut, 170, 199.
Horse-tail, 116—120.
field, 120-122; Fig. 72.
stems and tubers, 120.
fertile branches, 120.
leaves, 121.
cone, 121.
stem, 121.
sporangia and spores, 121.
sterile branches, 121.
histology of stem, 121.
s of sporangia, 122.
o spores, 122.
o germination, prothallium, 122.
Hound’s-tongue, 215; Fig. 119.
Houstonia, 223; Fig. 124.
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Hoya. See “Wax-plant.”

Huckleberry, 181, 211; Fig. 116.
Humming-bird, 226.

Hyacinth, 146.

Hydnum, 84; Fig. 51.

Hydrangea, -geae, 202; Fig. 111.
Hydrocharidese, 167.

Hydrogen, 2, 95.

Hydropeltidinae, 189.

Hydrophyllum, -aceae. See “Water-leaf.”
Hypericum, -aceae. See “St. John's-wort.”

llex. See “Holly.”

Impatiens. See “Jewel-weed,” “Balsam.”
India-rubber, 200.
Indian-pipe, 144, 210; Fig. 79.
Indian turnip. See “Arisserna.”
Indusium, 118.

Inflorescence, 157.

Integument, 133, 144, 151, 180.
Intercellular space, 124, 135, 150.
Internode, 39.

lodine, 4, 22, 31.

Ipomoea, 213.

Iridaceee, 156.

Iris, 154, 156; Fig. 84.

Irish moss, 49.

Isocarpae, 210, 212.

Isoetes. See “Quill-wort.”
lulifioree, 181.

Ivy, 202.

Jack-in-the-pulpit. See “Ariseema.”
Jasmine, 218.

Jeffersonia. See “Twin-leaf.”
Jewel-weed, 197; Fig. 107.

Joint fir, 140, 142.

Juncaginese, 167.

Juncus. See “Rush.”
Jungermanniaceae, 92; Fig. 57.

Kalmia. See “Mountain laurel.”
Karyokinesis, 233.
Keel, 208.
Kelp. See “Laminaria.”

o giant. See “Macrocystis.”
Knotgrass. See “Polygonum.”

Labellum. See “Lip.”
Labiatee. See “Mnt.”
Labiatifloree, 215.
Ladys-slipper, 164, 166, 198; Fig. 90.
Lamella, 83.

Laminaria, 45, 47; Fig. 28.
Lamium. See “Dead nettle.”
Larch. See “Tamarack.”
Larix. See “Tamarack.”
Larkspur, 186, 227; Fig. 99.
Latex, 191.

Laurel, 188.

Laurineae. See “Laurel.”
Lavender, 215.

Leaf-green. See “Chlorophyl.”
Leaf tendril, 171.

Leaf thorn, 172.
Leguminosee, 207.
Lemanea, 53; Fig. 31.
Lemna. See “Duck-weed.”
Lemon, 198.
Lentibulariaceae, 217.
Lettuce, 223.

Lichenes, 73; Figs. 44, 45.
Ligula, 127.

Ligulatee, 125.

Lilac, 170, 181, 218.

Liliaceae, 155.

Liliiflorse, 153, 155; Fig. 83.
Lilium. See “Lily.”

Lily, 146, 155.

Lily-of-the-valley, 155.
Lime. See “Linden.”
Linden, 195; Fig. 106.
Linear, 159.
Linum, -aceee. See “Flax”
Lip, 165.
Liriodendron. See “Tulip-tree.”
Lithospermum. See “Puccoon.”
Liverwort, 86.
o classification of, 91.
o horned. See “Anthoceroteze.”
o giant, 91; Fig. 57.
Lizard-tail, 181, 183; Fig. 97.
Lobelia, -aceae. 221; Fig. 123.
Loganieee, 219.




Lonicera. See “Honeysuckle.”
Loosestrife. See “Lythrum.”

o swamp. See “Nesaea.”

Lotus. See “Nelumbo.”

Lychnis, 185.

Lycoperdon, 84; Fig. 49.
Lycopersicum. See “Tomato.”
Lycopodiacese. See “Ground pine.”
Lycopodinge. See “Club moss.”
Lycopodium, 123.

o dendroideum, 123, 124; Fig. 73.
stem and leaves, 123.
cones and sporangia, 123.
gross anatomy, 123.
histology, 124.

o spores, 124.

Lysimachia. See “Moneywort.”
Lythrum, -aceee, 206, 228.
Mace, 189.

o 0 0o o

Macrocystis, 48.
Macrospore, 126, 127, 128, 143.
Madotheca, 86-90; Figs. 52—-56.
o gross anatomy, 86-88.
o male and female plants, 87, 88.
o histology of leaf and stem, 88.
o antheridium, 88, 89.
o archegonium, 89, 90.
o embryo, 90.
o spores and elaters, 90.
Magnesium, 2.
Magnolia, -aceae, 186.
Maiden-hair fern, 109-115; Figs. 67-69.
o general structure, 109.
gross anatomy of stem, 110.

histology of stem, 110, 111.
gross anatomy of leaf, 111.
histology of leaf, 111, 112.
sporangia, 113, 114.
root, 114, 115.

o apical growth of root, 115.
Mallow, 171, 195; Fig. 106.
Malva, -aceae. See “Mallow.”
Mamillaria, Fig. 112.
Mandrake. See “May-apple.”
Maple, 199; Fig. 108.
Maranta. See “Arrowroot.”
Marattiaceee. See “Ringless ferns.”
Marchantia, 91; Fig. 57.

o breathing-pores, 91.

o sexual organs, 91.

o buds, 91.
Marchantiaceae, 91.
Marsilia, 118; Fig. 71.
Martynia, 218.
Matthiola. See “Stock.”
May-apple, 187; Fig. 101.
May-weed, 223; Fig. 125.
Medeola, 155; Fig. 83.
Medullaryray, 130, 137.
Melampsora, 81.
Melastomaceae, 206.
Melon, 221.
Menispermum, -eae. See “Moon-seed.”
Menyanthes. See “Buck-bean.”
Mesocarpus, 33; Fig. 19.
Mesophyll, 135.
Methyl-violet, 4, 233.
Mcropyle, 180.
Mcrosome, 231.
Mcrospore, 126, 128, 131, 138.

Mgnonette, 192; Fig. 104.

Midew. See “Peronospora,” “Phytophthora,” “Perisporiaceae.”
Mik-weed, 220; Fig. 122.

Milkwort, 199.

Mmosa. See “Sensitive-plant.”
Mmosaceae, 209, 210.

Mmulus, 217.

Mint, 181, 215.

Mirabilis. See “Four-o’clock.”
Mstletoe, 224.

Mitella. See “Bishop’s cap.”
Mitchella. See “Partridge-berry.”
Mitre-wort. See “Bishop’s cap.”
Mock-orange. See “Syringa.”
Moneywort, 212; Fig. 117.
Monocotyledon, 146, 153, 225, 229.

Monotropa. See “Indian-pipe,” “Pine-sap.”
Monotropeae, 210.

Moon-seed, 188; Fig. 101.
Moosewood, 206; Fig. 113.

Morchella. See “Morel.”

Morel, 73.

Morning-glory, 171, 213; Fig. 118.
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Morphology, 3.
Moss, 5, 86.
o ftrue, 93.
o common. See “Bryaceze.”
o peat. See “Sphagnaceze.”
Moth, 229.
Mould, black. See “Mucorini.”
o blue. See “Penicillium.”
o herbarium. See “Eurotium.”
o insect. See “Entomophthoreze.”
o water. See “Saprolegnia.”
Mountain-fringe, 192.
Mountain-laurel, 210; Fig. 116.
Mucor, 55.
o mucedo, 56; Fig. 32.
Mucor stolonifer, 55-56.
o general structure, 55.
o structure of filaments, 55.
o spore cases, 55.
o sexual spores, 56.
Mucorini, 54.
Mulberry, 183.
Mullein, 217; Fig. 120.
Musa, -aceee. See “Banana.”
Musci. See “True mosses.”
Mushroom, 82.
Mustard, 192.
Mycomycetes. See “True fungi.”
Myosotis. See “Forget-me-not.”
Myristica, -inege. See “Nutmeqg.”
Myrtiflorae, 205.
Myrtle, 205, 206.

Myrtus. See “Mytle.”
Myxomycetes. See “Slime-mould.”

Naias. See “Pond-weed.”
Naiadeee, 159.

Narcissus, 146.
Nasturtium, 197, 227.
Navicula, 42; Fig. 24.

Nectar, 225.

Nectary, 186.

Nelumbo, 189, 190; Fig. 101.
Nelumbieee, 190.
Nemophila, 214.

Nepenthes, -eae. See “Pitcher plant.”
Nesaea, 206.

Nettle. See “Urticinee.”
Nicotiana. See “Tobacco.”
Night-blooming cereus, 204.
Nightshade, 215; Fig. 119.
Nitella, 40.

Nitelleee, 40.

Node, 39.

Nucleus, 7, 31, 231.

Nuclear division, 7, 31, 231; Figs. 127, 128.
Nucleolus, 7, 231.

Nutmeg, 188.

Nyctagineae, 183.
Nympheea, 189; Fig. 101.
Nympheeaceae, 190.



Oak, 183, 225; Fig. 97.
(Edogonium, 26—28; Fig. 16.

o reproduction, 27.

o fertilization, 28.

o resting spores, 28.

(Enothera. See “Evening primrose.”
Qil-channel, 202.

Oleaceae. See “Olive.”

Oleander, 219.

Olive, 218.

Onagraceee, 206.

Onoclea, 104; Fig. 70.

Odphyte, 109.

Opium--opium poppy, 191.
Ophioglosseze. See “Adder-tongue.”
Ophioglossum, 116.

Opuntia. See “Prickly pear.”
Opuntieae, 203.

Orange, 198.

Orchid, 164, 166, 227; Figs. 89, 90.
Orchideae, 164.

Orchis, 227; Fig. 89.

Organic bodies, 1.

Origanum oil, 234.

Oscillaria, 15, 16; Fig. 6.

o movements, 15.

o color, 16.

o structure and reproduction, 16.
Osmunda. See “Flowering-fern.”
Ostrich-fern, 104—109.

o germination of spores, 104.
prothallium, 104, 105.
archegonium, 105, 106.
antheridium and spermatozoids, 106.
fertilization, 107.
embryo and young plant, 107, 108.

o comparison with sporogonium of bryophytes, 109.
Ovary, 129, 148, 156, 202.

o 0 0 0 o

Oxalis. See “Wood-sorrel.”
Oxydendrum, 211; Fig. 116.

Oxygen, 2, 95.

Palea, 161.
Palisade parenchyma, 178.
Palm, 157.

o date, 159.

o coco, 159.
Palmee. See “Palm.”
Palmate, 171.
Palmetto, 159.
Pandaneee, 159.
Papaveraceee. See “Poppy.”
Papaw, 186; Fig. 100.
Papilionaceaze, 208.
Pappus, 223.
Papyrus, 161.
Paranucleus, 231.
Parasite, 54.
Parenchyma. See “Soft tissue.”
Parmelia, 73, 75; Fig. 44.
Partridge-berry, 223, 228.
Passiflora. See “Passion-flower.”
Passiflorinae, 205.
Passion-flower, 204; Fig. 112.
Pea, 207, 208; Fig. 115.
Peach, 206.
Pear, 206.
Pediastrum, 23; Fig. 11.
Pelargonium, 197.
Peltate, 190.
Peltigera, 75; Fig. 45.
Penicillium, 71; Fig. 42.
Pepper, 183.
Perianth. See “Perigone.”
Periblem, 176.
Perigone, 143, 148, 151, 170.
Perisperm, 163.
Perisporiaceae, 66.
Periwinkle, 219.
Peronospora, 60; Fig. 35.
Peronosporeze, 57.
Persimmon, 212; Fig. 117.
Petal, 148, 174, 179.
Petiole, 173.
Petunia, 215; Fig. 119.
Peziza, 73; Fig. 43.
Phacelia, 214.
Phaeophyceee. See “Brown algee.”
Phzenogam. See “Spermaphyte.”
Phascum, -aceae, 99, 101; Fig. 65.
Philadelphus. See “Swyringa.”



Phlox, 214; Fig. 118.
Phoenix dactylifera. See “Date-palm.”
Phosphorus, 2.
Phragmidium, 81; Fig. 47.
Physarum, 14.
Physianthus, 220.
Physiology, 3.
Phytolacca, -aceae. See “Poke-weed.”
Phytophthora, 60.
Pickerel-weed, 156, 228; Fig. 84.
Picric acid, 156, 233.
Pig-weed. See “Amaranth.”
Pine, 9,10, 129, 142.
Pineapple, 156.
Pine-sap, 210; Fig. 116.
Pinguicula, 218.
Pink, 181, 185; Fig. 97.
Pink-root, 218; Fig. 122.
Pinnate (leaf), 159.

o weined, 171.
Pinnularia, 42; Fig. 24.
Pinus sylvestris. See “Scotch pine.”
Piper. See “Pepper.”
Piperineae, 183.
Pistil, 143, 145, 174.
Pitcher-plant, 194, 195; Fig. 105.
Pith, 130, 174, 177.
Placenta, 148, 179.
Plane, 183.
Plantago, -ineae. See “Plantain.”
Plantain, 223, 225; Fig. 121.
Plasmodium, 12.
Plataneae. See “Plane.”
Platanus. See “Sycamore.”
Plerome, 176.
Plum, 207.
Plumbago, -ineae, 212.
Pod, 156.
Podophyllum. See “May-apple.”
Podospheera, 66—70; Fig. 39.

o general structure, 66.
structure of filaments, 68.
suckers, 68.
conidia, 68.
sexual organs, 68.
spore fruit, 68, 69.

o spore sac, 69.

Pogonia, 166.

Poinsettia, 199.

Poison-dogwood, 198.
Poison-hemlock, 202.

Poison-ivy, 171, 198.

Poke-weed, 185; Fig. 97.
Polemonium, -aceee, 214; Fig. 118.
Pollinium, 165.

Polycarpee, 185.

Polygala, -aceze. See “Mlkwort.”
Polygonatum. See “Solomon’s Seal.”
Polygonum, -aceee, 184; Fig. 98.
Polysiphonia, 52; Fig. 29.
Pomegranate, 206.

Pond-scum, 22, 29, 30.
Pond-weed, 159; Fig. 86.
Pontederia. See “Pickerel-weed.”
Poplar, 181, 183.

Poppy, 191.

Portulaca, -aceee. See “Purslane.”

o 0 0 0 o

Potassium, 2.
Potato, 215.
Potato-fungus. See “Phytophthora.”
Potentilla. See “Cinguefoil.”
Potomogeton. See “Pond-weed.”
Prickly-ash, 198.
Prickly fungus. See “Hydnum.”
Prickly-pear, 204.
Prickly-poppy. See “Argemone.”
Primrose, 211.
Primula, -aceee. See “Primrose.”
Prince’s-pine, 210; Fig. 116.
Procarp, 51.
Proteaceae, 205.
Protococcus, -aceee, 22, 74; Fig. 11.
Protophyte, 11.
Protoplasm, 7.

o movements of, 7.
Pteridophyte, 102, 153.
Puccinia, 81; Fig. 47. See also “Wheat-rust.”
Puccoon, 215.
Puff-ball. See “Lycoperdon.”
Purslane, 185.
Putty-root. See “Aplectrum.”



Pyrenoid, 25, 31.
Pyrenomycetes, 76.
Pyrola, -aceze, 210.

Quince, 170.
Quill-wort, 125, 126; Fig. 74.

Raceme, 174.
Radial fibro-vascular bundles, 138, 176.
Radish, 192.
Ranunculus, -acege. See “Buttercup.”
Raspberry, 207.
Ray-flower, 223.
Receptacle, 167, 207, 223.
Receptive spot, 106.
Red algee, 21, 49, 52, 53; Figs. 29-31.
Red-bud, 209; Fig. 115.
Red cedar, 79, 131, 141; Fig. 78.
Red-wood, 142.
Reference-books, 235-236.
Reseda, -acese. See “Mgnonette.”
Resin, 130.
Resin-duct, 130, 135, 137.
Resting-spore, 28, 32, 37, 57.
Rheumatism-root. See “Twin-leaf.”
Rhexia, 206.
Rhizocarpese. See “Water-fern.”
Rhizoid. See “Root-hair.”
Rhizome. See “Root-stock.”
Rhododendron, 210; Fig. 116.
Rhodophyceee. See “Red algee.”
Rhodoraceae, 211.
Rheoeadinae, 190.
Rhus. See “Sumach.”
o cotinus. See “Smoke-tree.”
o toxicodendron. See “Poison-iwy.”
o venenata. See “Poison-dogwood.”
Ribes, -ieae, 203; Fig. 111.
Ricciacese, 91; Fig. 57.
Richardia. See “Calla.”
Ricinus. See “Castor-bean.”
Ringless-fern, 116.
Rock-rose, 195.
Rock-weed. See “Fucus.”
Root, 102, 104, 114, 173.
Root-cap, 115, 175.

Root-stock, 154, 172.
Rosa, -aceee. See “Rose.”
Rose, 181, 206; Fig. 114.
Rosifloree, 206.
Rubiaceae, 223.
Rush, 154, 225; Fig. 83.
Rust, white. See “Cystopus.”
o red. See “Uredinez.”
o black. See “Uredineze.”




Sabal. See “Palmetto.”
Sabbatia. See “Centaury.”
Saccharomycetes. See “Yeast.”
Sac fungi. See “Ascomycetes.”
Safranine, 233.

Sage, 215; Fig. 120.

Salicineee, 183.

Salix. See “Willow.”

Salvinia, 118.

Sambucus. See “Elder.
Sanguinaria. See “Blood-root.”
Sapindaceae, 199.
Saprolegnia, -aceae, 60-62; Fig. 36.

o zodspores, 62.

o resting spores, 62.

o antheridium, 62.
Sargassum, 48; Fig. 28.
Sarracenia, -acese. See “Pitcher-plant.”
Sassafras, 188.

Saururus. See “Lizard-tail.”
Saxifrage, 202.

Saxifraginae, 202.

Scabiosa. See “Scabious.”
Scabious, 224.

Scalariform, 110.

Scale-leaves, 170.

Scenedesmus, 24; Fig. 11.
Schizomycetes. See “Bacteria.”
Schizophytes, 12, 14.
Schlerenchyma. See “Stonytissue.”
Schrankia. See “Sensitive-brier.”
Scilla, 151.

Scirpus. See “Bulrush.”
Scitamineae, 153, 162.

Scotch pine, 129—140 Figs. 75-77.

o stems and branches ,129.
leawves, 129, 130.
gross anatomyof stem, 130.
growth-rings, 130.
roots, 131.
sporangia, 131.
cones, 132.
macrospores and prothallium, 133.
ripe cone and seeds, 133.
germination, 134.
young plant, 134.
histology of leaf, 135.

s of stem, 136—-138.

s of root, 138

o microsporangium and pollen spores, 138, 139.

o archegonium, 140.

o fertilization, 140.
Scouring-rush, 122.

Scrophularia, -ineae. See “Figwort.”
Sea-lettuce, 26; Fig. 15.
Sea-rosemary, 212.

Sea-weed (brown). See “Brown algee.”

o (red). See “Red algee.”
Sedge, 161; Fig. 87.

Sedum. See “Stonecrop.”

Seed, 128, 133, 145, 150.

Seed-plant. See “Spermaphyte.”
Selaginella, -eze. See “Smaller club-moss.”
Sensitive-brier, 209; Fig. 115.
Sensitive-plant, 209.

Sepal, 148, 150, 174, 179.

Sequoia. See “Red-wood.”

Sessile leaf, 170.

Shepherdia, 206.

Shepherd’s-purse, 173-180; Figs. 93-95.

o gross anatomy of stem, 173,

s |eaf, 124, 173.

= root, 173.
branches, 174.
flower, 174, 175.
fruitand seed 175.
hlstologyofro ot, 175, 176.

s stem, 177.

s |edf, ﬂ 178.

o development of flower, 179.

= owle, 179.

s embryo, 180.
Shooting-star, 212; Fig. 117.
Sieve-tube, 111, 137.

Silene. See “Catch-fly.”
Silicon, 2.
Simple leaf, 170.
Siphoneae, 22, 34.
Sisyrinchium. See “Blue-eyed grass.”
Skunk cabbage, 157.
Slime mould, 12, 14; Fig. 5.
o plasmodium, 12.
o movements, 13.
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feeding, 13.
spore-cases, 13.
spores, 13.
germination of spores, 14.
Smart-weed. See “Polygonum.”
Smilaceae, 155.

Smoke-tree, 198.

Smut, 64, 65.

Smut-corn. See “Ustillago.”
Snowberry, 223.

Soft-tissue, 112.

Solanum, -eae, 215.
Solomon’s Seal, 154; Fig. 83.
Soredium, 74.

Sorus, 118.

Spadiciflorae, 153, 157.
Spadix, 157.

Spanish bayonet. See “Yucca.”
Sparganium. See “Bur-reed.”
Speedwell. See “Veronica.”
Spermaphyte, 128-129.

o 0 0o o

Spermagonium, 79, 80.
Sphagnum, -aceee, 99, 100.

o sporogonium, 100.

o leaf, 100.
Spice-bush, 188.
Spiderwort, 6, 151, 157; Fig. 85.
Spigelia. See “Pink-root.”

Spike, 181.
Spikenard, 202; Fig. 110.
Spinach, 184.

Spindle-tree, 199; Fig. 109.
Spirogyra, 30-32; Fig. 18.
o structure of cells, 30.
o starch, 31.
o cell-division, 31.
o sexual reproduction, 32.
Sporangium, 55, 62, 113, 121, 122, 131, 148, 151, 179.

Spore-case. See “Sporangium.”
Spore-sac. See “Ascus.”
Sporocarp. See “Spore-fruit.”
Sporogonium, 87, 90, 102, 123.
Sporophyll, 128, 131, 148.
Sporophyte, 109.

Spring-beauty, 185; Fig. 98.
Spruce, 142.

Spurge. See “Euphorbia.”

Squash, 221.

Staining agents, 4, 231, 233.
Standard, 207.

Staphylea. See “Bladder-nut.”
Starch, 31, 95, 152.

Statice. See “Sea-rosemary.”
Stellaria. See “Chick-weed.”
Stemonitis, 13; Fig. 5.

Sticta, 75; Fig. 45.

Stigeoclonium, 26; Fig. 14.

Stigma, 145, 148, 175, 179.

St. John’s-wort, 195; Fig. 105.
Stock, 192.

Stoma. See “Breathing-pore.”
Stonecrop, 202; Fig. 113.
Stone-fruit, 206.

Stone-wort. See “Characez.”
Stony-tissue, 110.

Stramonium, 215.

Strawberry, 171, 202, 206; Fig. 113.
Style, 148, 175, 179,

Stylophorum, 187; Fig. 103.

Sugar, 8, 145.

Sulphur, 2.

Sumach, 198; Fig. 108.

Sun-dew, 192, 193; Fig. 104.
Sunflower, 224.

Suspensor, 180.

Sweet-flag, 157.

Sweet-potato, 214.

Sweet-scented shrub. See “Calycanthus.”
Sweet-william, 185.

Sycamore, 183.

Sympetalee, 210.

Symphoricarpus. See “Snowberry.”
Symplocarpus. See “Skunk-cabbage.”
Synergidee, 144.

Syringa, 199; Fig. 111. See also “Lilac.”

Tamarack, 142.

Tap-root, 131, 173.
Taraxacum. See “Dandelion.”
Taxodium. See “Cypress.”
Taxus. See “Yew.”



Teasel, 224; Fig. 124.

Tecoma. See “Trumpet-creeper.”
Teleuto-spore, 80, 81.

Tendril, 171.

Terebinthinae, 198.

Tetraspore, 51, 52.

Thistle, 173, 223; Fig. 125.
Thorn, 172.

Thyme, 215.

Thymeleaceae, 206.
Thymelinee, 206.

Tilia, -aceae. See “Linden.”
Tillandsia, 156; Fig. 84.

Tissue, 8.

Tissue system, 115.

Toadstool, 82.

Tobacco, 215.

Tolypella, 40.

Tomato, 215.

Touch-me-not. See “Jewel-weed.”
Trachearytissue, 110, 121, 177.
Tracheid, 110, 138.
Tradescantia. See “Spiderwort.”
Trailing arbutus, 211.

Tremella, 81; Fig. 51.

Trichia, 13, 14; Fig. 5.
Trichogyne, 51.

Tricoccae, 199.

Triglochin. See “Arow-grass.”
Trillium, 146, 154, 155; Fig. 83.
Triphragmium, 81.

Tropaeolum. See “Nasturtium.”
Trumpet-creeper.

Tuber, 120, 153, 172.
Tubiflorae, 213.

Tulip, 146.
Tulip-tree, 187; Fig. 100.
Turnip, 192.

Twin-leaf, 187; Fig. 101.
Typha, -aceae. See “Cat-tail.”

Ulmaceee. See “Elm.”

Ulva. See “Sea-lettuce.”
Umbelliferae. See “Umbel-wort.”
Umbel-wort, 202.

Umbellifiorae, 202.

Uredineae, 77.
Uromyces, 81; Fig. 47.
Urticinae, 183.

Usnea, 75; Fig. 45.
Ustillagineze. See “Smut.”
Ustillago, 65; Fig. 38.
Utricularia. See “Bladder-weed.”
Uwularia. See “Bellwort.”

Vaccinium. See “Cranberry.”
Vacuole, 8.

Valerian, 224; Fig. 124.
Valeriana, -eae. See “Valerian.”
Vallisneria. See “Eel-grass.”
Vanilla, 166.

Vaucheria, 34-37; Figs. 21, 22.

o structure of plant, 35.
racemosa, 35.
non-sexual reproduction, 36.
sexual organs, 36.
fertilization, 36.

o resting spores, 37.
Venus’s fly-trap, 192.
Verbascum. See “Mullein.”
Verbena, -aceze, 218; Fig. 121.
Veronica, 217; Fig. 120.
\enain. See “Verbena.”

o 0 0o o

Viburnum, 223; Fig. 124.
Victoria regia, 190.

Vinca. See “Periwinkle.”
Vine, 199.

Violet, 192; Fig. 104.
Viola, -aceae. See “Miolet.”
Virginia creeper, 171, 199.
Vitis. See “Grape.”
Vitaceee. See “Vine.”
Volvox, 12, 20; Fig. 10.

y 1Ly £,

Volvocineae, 12, 19.

Wall-flower, 192.

Walnut, 183.

Wandering-Jew, 157.

Water fern, 117.

Water-leaf, 214; Fig. 118.

Water-lily. See “Nymphaea,” “Castalia.”
Water-milfoil, 206; Fig. 113.

Water mould. See “Saprolegnia.”




Water net, 24; Fig. 11.
Water-plantain, 167.
Wiater-shield, 190.
Wiater-starwort, 200.
Wax-plant, 220.

Wheat, 78.

Wheatrust, 78, 81; Fig. 47.
Whitlavia, 214.

Wild ginger, 224; Fig. 126.
Wild onion, 230.

Wild parsnip, 202.

Willow, 181-183; Fig. 96.
Willow-herb, 206, 226; Fig. 113.

Wing (of papilionaceous flower), 208.

Wintergreen, 211.

Wolffia, 159.

Wood. See “Xem.”
Wood-sorrel, 197; Fig. 107.

Yam, 154.
Yeast, 63, 64; Fig. 37.
o cause of fermentation, 63.
o reproduction, 64.
o systematic position, 64.
Yew, 141.
Yucca, 153.

Zanthoxylum. See “Prickly ash.”
Zingiber, -aceee. See “Ginger.”
Zodlogy, 2.

ZoGspore, 25, 37, 58, 62.
Zygnema, 33; Fig. 19.

Zygomorphy, Zygomorphic, 164, 215,
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NATURAL SCIENCE.

Elements of Physics.

A TEXT-BOOK FOR HIGH S CHOOLS AND A CADEMEES. BY ALFRED P. GAGE, A.M., INSTRUCTOR IN PHYSICS IN THE ENGLISH HiGH ScHooL, BosTon. 12mo.
424 pages. Mailing Price, $1.25; Introduction, $1.12; Allowance for old book, 35 cents.

T HS TREATISE IS BASED UFON  the doctrine of the conservation of energy, WHCH IS MADE FROMNENT THROUGHOUT THE WORK. B UT THE LEADING FEATURE OF

THE BOOK—ONE THAT DISTINGUISHES IT FROM ALL OTHERS—IS, THAT IT IS STRCILY  experiment-teaching IN TS METHOD,  /.€., IT LEADS THE PUPL TO “READ NATURE IN
THE LANGUAGE OF EXPERIVENT.” SO FAR AS PRACTICABLE, THE FOLLOWING ALAN IS ADOPTED. THE PUPL IS EXPECTED TO ACCEFT AS fact ONLY THAT WHCH HE HAS
SEEN OR LEARNED BY PERSONAL INVESTIGATION. HE HIMSELF PERFORVS THE LARGER FORTION OF THE EXPERMENTS WITH simple AND inexpensive APPARATUS, SUCH
AS, IN A MAJORTY OF CASES, IS IN HS PFOWER TO CONSTRUCT WITH THE AID OF DRECTIONS GIVEN IN THE BOOK. THE EXPERIVENTS GIVEN ARE RATHER OF THE NATURE OF

questions THAN OF ILLUSTRATIONS, AND precede THE STATEVENTS OF FRINCIPLES AND LAWS. D EFINITIONS AND LAWS ARE NOT GIVEN UNTIL THE PUPL HAS ACQURED A
knowledge of his subject sufficient to enable him to construct them for himself. The aim of the book is to lead the pupil fo observe and to think.

C. F. Emerson, Prof. of Physics, Dartmouth College: It takes up the subject on the right plan, and presents itin a clear, yet scientific, way.

Wm. Noetling, Prof. of Rhetoric, Theory and Practice of Teaching, State Normal School, Bloomsburg, Pa.: Every page of the book shows that the author is a real teacher and that he
knows how to make pupils think. | know of no other work on the subject of which this treats that | can so unreservedly recommend to all wide-awake teachers as this.

B. F. Wright, Supt. of Public Schools, St. Paul, Minn.: 1 like it better than any text-book on physics | have seen.
0. H. Roberts, Prin. of High School, San Jose, Cal.: Gage’s Physics is giving great satisfaction.

Introduction to Physical Science.

BYA. P. GAGE, INSTRUCTOR IN PHYSICS IN THE ENGLISH HiGH ScHooL, Boston, MAsS., AND AUTHOR OF  Elements of Physics Erc. 12mo. CLOTH.
Vil + 353 PAGES. WITH A CHART OF COLORS AND SFECTRA. MAILING PRCE, $1.10; FOR INTRODUCTION, $1.00; ALLOWANCE FOR AN OLD BOOK IN EXCHANGE,
30 cents.

T HE GREAT AND CONSTANILY INCREASING PFOPULARTY OF GAGES ~ Elements of Physics HAS OREATED A DEMAND FOR AN EQUALLY GOOD BUT EASIER BOOK, ON THE

SANE PLAN, SUTABLE FOR SCHOOLS THAT CAN GIVE BUT A LIMTED TIVE TO THE STUDY. THE Introduction to Physical ScienceHAs BEEN FREPARED TO SUPFLY THS
demand.

Accuracy Is THE FRVE REQUSITE IN SCENTIFIC TEXT-BOOKS. A FALSE STATEMENT IS NOT LESS FALSE BECAUSE IT IS FLAUSBLE, NOR AN INCONCLUSIVE
EXPERIVENT MORE SATISFACTORY BECAUSE IT IS DIVERTING. IN BOOKS OF ENTERTAINVENT, SUCH THNGS MAY BE PERMSSIBLE, BUT IN A TEXT-BOOK, THE FIRST
ESSENTIALS ARE OORRECTNESS AND ACCURACY. IT IS BELIEVED THAT THE Introduction WILL STAND THE CLOSEST EXPERT SCRUTINY. E SPEOAL CARE HAS BEEN TAKEN TO
RESTRICT THE USE OF SCENTIFIC TERVS, SUCHAS  force, energy, power, ETC., TO THER FROPER SIGNIFICATIONS. TERVS LIKE sound, light, color, ETC., WHCH HAVE
commonly been applied to both the effect and the agent producing the effect have been rescued from this ambiguity.

Recent Advances IN PHYSICS HAVE BEEN FAITHFULLY RECORDED, AND THE RELATIVE PRACTICAL IMPFORTANCE OF THE VARIOUS TOPICS HAS BEEN TAKEN INTO
ACCOUNT. AMONG THE NEW FEATURES ARE A FULL TREATMVENT OF ELECTRC LIGHTING, AND DESCRPTIONS OF STORAGE BATTERES, METHODS OF TRANSMITTING ELECTRC
ENERGY, SIMPLE AND EASY METHODS OF MAKING ELECTRICAL MEASUREVENTS WITH INEXFENSIVE AFPARATUS, THE COMPOUND STEAMFENGINE, ETC. STATIC
ELECTROITY, WHCH IS NOW GENERALLY REGARDED AS OF OOMPARATIVELY LITTLE IMPORTANCE, IS TREATED BREFLY; WHLE DYNAMC ELECTROTY, THE MOST POTENT AND
promising physical element of our modern civilization, is placed in the clearest light of our present knowledge.

INInterest and Availability T Infroduction wiLL, IT IS BELIEVED, BE FOUND NO LESS SATISFACTORY. THE WDE USE OF THE Elements UNDER THE MOST
VARED CONDITIONS, AND, IN PARTICULAR, THE AUTHOR'S OWN EXPERENCE IN TEACHING IT, HAVE SHOWN HOW TO IMPROVE WHERE INPROVEVENT WAS FOSSBLE. THE
STYLE WILL BE FOUND SUITED TO THE GRADES THAT WILL USE THE BOOK. THE EXPERVENTS ARE VARED, INTERESTING, CLEAR, AND OF FRACTICAL SIGNIFICANCE, AS WELL AS
SIVFLE IN MANPULATION AND ANVPLE IN NUVBER C ERTAIN SUBJECTS THAT ARE JUSTLY CONSIDERED DIFFICULT AND OBSCURE HAVE BEEN OMITTED; AS, FOR INSTANCE,
certain laws relating to the pressure of gases and the polarization of light. The Introduction is even more fully illustrated than the Elements.

In General. THe Introduction, LKE THE Elements, HAS THS DISTINCT AND DISTINCTIVE AIM—TO ELUCIDATE SCIENCE, INSTEAD OF “POPULARZING” IT; TO
MAKE IT LIKED FOR TS OWN SAKE, RATHER THAN FOR TS GILDING AND COATING; AND, WHLE TEACHNG THE FACTS, TO IMPART THE SPIRIT OF SOENCE—THAT IS TO SAY, THE
spirit of our civilization and progress.

George E Gay, Prin. of High School, Malden, Mass.: With the matter, both the topics and their presentation, | am better pleased than with any other Physics | have seen.
R H. Perkins, Supt. of Schools, Chicopee, Mass.: | have no doubt we can adopt it as earlyas next month, and use the same to great advantage in our schools. (Feb. 6, 1888.)

Mary E Hill, Teacher of Physics, Northfield Seminary, Mass.: | like the truly scientific method and the clearness with which the subjectis presented. It seems to me admirably adapted
to the grade of work for which itis designed. (Mar. 5, '88.)

John Pickard, Prin. of Portsmouth High School, N.H.: | like it exceedingly. Itis clear, straightforward, practical, and not too heawy.

Ezra Brainerd, Pres. and Prof. of Physics, Middlebury College, Vi.: | have looked it over carefully, and regard it as a much better book for high schools than the former work. (Feb. 6,
1888.)

James A De Boer, Prin. of High School, Montpelier, Vt.: | have not only examined, but studied it, and consider it superior as a text-book to any other | have seen. (Feb. 10, '88.)
E B. Rosa, Teacher of Physics, English and Classical School, Providence, R.1.: 1 think it the best thing in that grade published, and intend to use it another year. (Feb. 23, '88.)
G H. Patterson, Prin. and Prof. of Physics, Berkeley Sch., Providence, R.1.: Avery practical book by a practical teacher. (Feb. 2, 1888.)

George E Beers, Prin. of Evening High School, Bridgeport, Conn.: The more | see of Professor Gage’s books, the better | like them. They are popular, and at the same time scientific,
plain and simple, full and complete. (Feb. 18, 1888.)

Arthur B. Chaffee, Prof. in Franklin College, Ind.: 1 am very much pleased with the new book. It will suit the average class better than the old edition.

W. D. Kerlin, Supt. of Public Schools, New Castle, Ind.: 1find that it is the best adapted to the work which we wish to do in our high school of any book brought to my notice.
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