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CHAPTER T
INTRODUCTION

ilhen one beging to étudy and ponder the aims and objectives of sciw-
ence instruction in the schools, he is struck by the many statenents
which have been made from time to time and the manner in which recent
statenents have emerged from earlier points of view.

One of the difficulties of attempting to reach tenable conclusions
regarding the aims of science instruction in the modern school lies in
the fact that at present we have no means of evaluating such statements
made by educators and others. Lists of aimg and goals at their best are
merely subjective Judgments of opinions held by an individual or commit-
tee.

Many studies have been made in the past which have stienpled to de-
termine the importance of an objective on the basig of its freguency of
occurrence in a mmber of such statements. Results from these studies
obviously cannot be valid becsuse of thé lack of agreement among the
writers on the definition of an objective. In reports which date back
as far as 1920, one nay read thal science teaching should eontribube to
such ultinate goals as health, leisure time, vodation, ethical character,
and others, as well as to the more immediate objectives of knowledges,
havits, powers, lnterests and ideals. Obviously, even the gonls in this
statement called Yimmediste! are so very general as to be almost meaning-

lass.



There have been, in recend 3 years, utt@ﬁgtu to aprroach the formula-

iy

tion of cbiectives through the syntlesis of a varisby of edueationzl stu-
dies of intercsts, with accepted courses of QtL@v These attempts have
invelved elaborate and, at times, questicnable st tistical procedures and
in some instances were based upon studies of doubted validity. Such stu-
dies are almost valueless, when it comes to the all importanf matter of
the determination of objectives for the scilence program. The outcomes of
science instruction, because there is at present no valid means of test-
ing them, should be based on the most logical terms that an individual or
groun of experts believe; and keeping this in mind we have to accept and
shape our instruciion in atiemples to realize them.
It has bean éaid meny times by great and wise men that we are lifizg

n an age of science. There can be little doubt of this truth for the
oxperiences of a day and hour are teeming with situvations which have their
problems deeply ingrained in sclence. Modern medicine, medern transpor—
tation, communiecation, modern cgriculture, the modern home, all bespeak

3.

the implications angd ramifications of science in the life of the present

Modern biology and medicine have lengthened the expectant life span
of mankind as has modern chemistry in produbing new rmedicines, as well as
dyes, plasticg, textiles, etec. Physics and engineering have eased the
life of man and produced such things as the radio, the telephone and the
avtamoblile. Geology and archaeology are continuously opening the past of
living things while the astroncmers are building new instruments of re-—

earch through which they will epen, even move, the dishtant recesses of
ovter space. It is not difficult for one to become over-awed at the accom

m,

plishments of modern sclence and its potentialiitles for the future.



Iresent-day science education must find its justification, aims, and
immediate leérming goals in terms of the needs and inbterests of indivie
duals living in a modern sogial order whose causal faclors are at present,
and likely to be ip the future, drawn largely from technological implicg-
tions.

It would seem that careful studies of individusls in their attenpts
to adjust to the myriad of science sifuations, both practical and intel-
lectual vhich arise in modern life, would furnish us with valid and objec-
tive data from which to begin the refringement into the general aims of
the sclence programs. Criteria for selecting and refining valid adjust-
ments are as follows:

(1) The criteria should be universal in their application to life
needs.

(2) The criteria should be in accord with the findings of science,

(3) The criteria should be disired by the pupils.

(4) The criteria should be essential to the making of other desir~
able adjustments.

After applying these or other criteria and agrriving at a set of de-
fensable adjustments, it becomes essential to discover the understanding,
attitudes, habits, and skills which must be learned by the student to in~
sure them. Further, after the selection of those knowledge fsctors,
learning situations must be set up in the classroom which will approach
58 nearly as possible the real-life gituation in vhich the adjustment is
made.

In the following chapters the author has attempted to present a
means for gathering meterial for an "ideal" science progran. In obtaine-

ing this information, material must be collected from every possible



source of scientific informstion. If this report were to cover all the

possible aspects of sclence, it would be volumes long. The presentation

ct

of this paper is in two secltions. The first section deals with the con-
struction of the classroom itself and all the equipment needed to supply
the science students. It is the aubhor's bslief that vithout sufficient
facilities, which are used capably, an "ideal" program is impossible.

The second section presents on phase of the sclence curriculum (Botany),
and 1% is intended that this presentation would represent the methods and
procedures that would be necessary in every phase of science. By taking
bnly one phasc, however, it will be possible to present moie than merely
an outline of all the sciences, rather to take one sclence and present
details and demonstrations. It is not the material itself that needs to
be pul across, rather the manner in which anj sclence can be presented to
s student and permit that student to see and lmow and undersiond scilence,
as we see 1t today.

It would seem then that the only valid method of bullding a set of
defensible aims is to attack the problem, the analysis of behavior of im-
dividuals as they adjust to the situstion in modern life which have sci-
ence implications, and from these observations set up our aims and speci-
fic teaching objectives. These then can easily lead to the definition of

defensible content and reliable methods of instructions



CHAPTER II
CLASSROOM FACILITIES FOR AN ADEQUATE SCIENCE PROGRAM

This chapter examines some of the patterns of manuging science
classroons and laborzbor1e and providing facilities for storing ma-
terials such as gpecial shelwves, cabinets, and closets. The maln ad-
vantage in having facilities to permit sbtorage and good housekeeping is
that students can offer superior service as laboratory assgistants for
nmany kinds of work going on in the classrooms, and laboratories. Sonme

Il

of the pogsibilities for types of materiasls and kinds of activities

e

n
which students can sharce work in class and in laboratory under a teach~

er's supervision ars ag followa.
Space for Work

Where space is not readily available, the science program suffers
I H
greatly. Many of these problems can, however, be solved by the use of
equipment which is casily transported. Some of these fypes of equipment
1
are as follows:

1. Propzne gas cylinders with attached urners for rooms nolb equip-

ed with gas. (Fig. 1).

1Thon@s Me Risl
Science Teachers Ass

Ky F chool Taellities for Science Instruction, National
ciation, Washington 6, D. C., (1954), pp. 6=1i4.

ngto
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clamp where water is
3.
roon ‘to room, thus elin

setup. (Fige 2).

Classromm

The trend
room and laboratory so that the room

ie limited, there is great advantags

A

at one side of the room and moveable

this manner, students nay be grouned

teacher and students do

acrose the large room. 4 classroom of
roon itself, storage shelves, labovatory; e

(if vhotography equipment is avail

tion for projects done by the students.

A battery jar of a carboy of water with a

not readily available. (Fig

in newer schools secoms

not have to gpeak lou

able), a greenhouse, and a

rubber extension and

« 2).

A portable demonstration table which could easlly be noved from

nating the need for mors than one demonstration

(5]

to be towvard a combination class~

gerves multiple purposes. If apace

in having a labeoratory arrangement
tables and chairs on the other. In

end of the room and the

at elther
wiily in order to be heard

type can include b

A b ia
quipment lockers, darkroonm
display sec-

(Fige 3).
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Greenhouses

Many students find work in a school greenhouse

ence., This work can be an exbension
means of supplying the clossroom

meny schools over the country, 2

project work snd field work activitle

learn to grov algas, nesses, feras

g

soil-tegbing techniques, while others begin studies

There

with living materisls

gresnhouss
and

are unlimlted opporiunities available

an enviching experi-

as well as g

of class sctivities

for study. In

iz associated with studend

g on the school grounds. They nay

sead plants and some “ay go into

in plant physiology.

with the uvse of a greenhouse
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and it should be used in sccorvdance with the capabilities and aspira-

tions of the students.
‘Student Projects

Often teachers are asked to contribute ideas for landscaping the
schoolgrounds or some Jjob similar to this. Uhen flowering trees and
ghrubs are specially selected for planting around the school, a teacher
can conduct a short field trip to show how flowers function in plant re-
production. In some cases, teachers have laid out nature trails, bulld
artificial lakes which have been stocked with plants and animels and
have, in general, simulated the study of field biology.“

then both students and teachers pool their techniques, & small
gpace can be found Lo exhibit living things for the vhole schocl. Dige
cusalon of relationships and interosting fachs concerning the plants and
animals can be typed as legends on library cards, and placed on the ex—
hibits. This asrea can grow into a permanent, living nature nusewn, which
can be very valuable in that it will give a great many studemts a chance
to watch nature in action. With this museum before them constantly, the
students will not only get a better insight on nature in action, but will
be encowraged to teke an active part in collecting and caring for these

plants and aninzls.

2

In some schools, teschers have set gside space for individual stuw
dents to pursue an interest, a research problem, or a prolonged "original¥
experinent in sclence. Over a period of a year or itwo, these young people

learn to use the methods of scientists. In sesrching for a solution to a

2 3 .4 by 2 3 * ’ 4. T30 L3 °
“Brandwein and Joszeph Morheolt, A Souwrcebopk for the Biological Sci--
gnces, New York, (1959), pp. 410-450.
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problen, they may also discover nev informetion that would lead to the

i

wncovering of new focts that would otheruise have been passed over.
Seience Lihrary and Committee Room

When space is not a limitihg factor, there should be provided for
the sbudents a smzll sqienc¢ iibrary apd a separate place for confer-
ences or committée‘ugrk assoclated with their classroom work. This li-
brayy should not compete with the school library, but should contain

more advanced texlts and magazines for the students engaged in individual

research work. .
Pacilities for Ztorage

'In the case of storing science equipment, closed storage space,

such as cgbinets and compoct closets, are much belter than open shelves.
By storing the eguipment and supplies in closed spaces, you cub dowyn on
the sccurmlation of dust and they are not exposed to fumes or to fluce
tuations in hunidity and temperature. TFacilities should be nade aveil-
able for suchk demonstration mauhrlal as nodels, skeletons, glasswara,
projectors, microscopes, etc. Many charts can be stored in & hanging
position and in this manrer, they are not exposed to wear. An ideal cab-

inet for general eguipment and supply storage is shown in Fig. 4.
Fouipment and Supplies

In attempting to coordinate a scilence program, the problem arises
of how much, and vhat kind of eguipment and supplies will be nceded for
the planning of an adeguate program. This problem seems even larger vhen

the responsibility of ordering these supplies falls upon the shoulders



1%

of the instructor. The guantily of material ordered depends uwpon whal

activities are to be carried on and how they are to be performed

a classroom experiment by all students, by groups of four, by an indi-

vidual as a projeet, or as a class demonstration. The smount of nnter-

|
3

1 also depends somewhat on the ennual budget alloted for equipment and

3 - | | \

iz

supplies.

31bid.



CHAPTER IIX
- THE STUDY OF BOTAWY

Botany may be defined as the branch of bioclogy which deals with the
structiure, physioclegy, repreduction, evolution, diseases, economic uses
and other features of the plant kingdom. The word botany

to anclent Greck words meaning Ygraze®, "plants¥, or "caltle®.

m

The History of Botany

-

1. Ancient Period. Greck sclentists laid the foundations of bo-

tanical study. They studied plents especially in relation to their uses
as food and as sources of drugs. They also discovered mahy facts cone
cerning the growth, distribubion, and cultivation of planbs. The Romans

showed 1little interest in plants, aside from their use as drug and fond

2+ Medieval Period. During the middle ages, most botanieal study

wag carried on in momastasries and in the botanical gardens associasbed
with universities. Thisg study was often a mixture of sclentific obser-

vations upon plant structure and behavicr, with accounts of the super-

stitions about and the mythology of plants. The chief botanicsal books,
called Herbals, freguently contained drawings or wood-cut illustrations

4Ben Deleon, A Graphic Survey of Biology, New York, (1959), pp. 45~

I~
[te]
E-3
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13
of the plants described. Attempts at classification were made during

this period.

2. Modern.Period. The nmodern gelentific study of tﬁg fachs of
plant life, divorced from supergtition and mythology, begaﬁ in the late
‘seventeenth and early eighteenth centuries. Oubstanding smong the bo-
tanists of the early modern ?eriod was Swedish Carl\Liﬁnaeus, who eg-
tablished many of the [undamental principles of scientific plant class-
ification and named many species.of plants., The study of classification
and of gross structure were the earlisst branches of botany to develop,
for they reguired no specialized tools or techniques from other sciences.
The study of minubc anatomy and the functional phases of plant life da-
veloped later, following the discoverj of the basic principles of chem-
isbry and physics and the perfection of magnifying lenses. Host of the
details of the microscopic siructure of plants and of the phivsiclogieal
activities of plants have been worked oubt within the past hundred years.5

he scilence of botany counsists of several fairly distinct, though
losely related, braunches. Perhaps the best way to explain thelr small
differences is simply to define each of the branches:

Plant Morphology - the study of plant structure.

Plant Anatomy =--— a phase of morphology dealing with the minute

internal strueture of plants, with reference to
tissues.

Plant Taxonomy --- the study of plant classification and the prin-

X3

cipleos of classification and identification.

SIbid.



Plant Pathelogy —-— the study of the causes, control, and other fea-
tures of plant diseases.

Plant Physiclogy -~ the study of the chemical and physical processes
and behavior of plants.

Plant Feeology -~ the study of planis in relation to their envi

roment .

Plant Geography ~- a phase of plant ecology, dealing with the dis-
tribution of plants on the earth's surface,

Plant Genetics ~—— the gtudy of inheritunce and the breeding of
plants.

Plant Cytology ---~ the study of the structure and physiology of in-
dividusl cells, especislly in relation te genge
tics.

1y

There arc varicus reasons for studying botany in the course of &
liberal education. Since education consisis essentially in the achiceve~
ment of advantageous adjustment to one's enviromment and since plants
constitute one of the most conspicuous features of human surrowndings,

& knowledge of the fundamental princinles which govern nlant life ig an
L35 £ &

important part of a2 liberal education.

s

[}

5 e
i

An awareness of mants complete dependence upon plants for food,

tiles, rubber, dyes, lumber, and many other products increases man's

]
i

s s o aas o . . 6
preciation of the sctivities of plants and of his place in nature.

6Harry J. Fuller, General Botany, Barnes and Noble, New York, (1955),
ppo 2""3 [




CHAPTER IV
THE APPLICATION OF BIOLOGICAL PRINCIPLES TO PLANTS

.In considering the possibilities for the best curriculum arrange-
ment for the high schooi student, it must be assumed that the student
has had little or no previous insiruction in this area. Assuming this
makes it necessary to present the most basic information available con-
cerning the physiological structure and function of each part of the
plant, Tach of the parts must first be congidered and then related %o
the formation of the entire plant at the terminotion of the course. If
this is done properly in every phase of sclence, the student will not
only have a betier picture of how each individual part comes into play,
but how that one part fits into the complex organization of the whole
system. This chapter is designed to present the parts of the plant as

single unit and then as a part of the entire
] i

]

they function first as
Sy sten.
Unit 1

The Leaf

A leaf is a lateral outgrowth of a stem, arising at z nede, and pos-

4}

essing a bud in its axil. Mogst leaves are flattened and expanded, but
there are modified or specialized kinds of leaves which do not exhibit

this flattened structure.

"Toid, p. 61.
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Ixtornal Structure (Fig. 5).

\

The leaf generally coﬁsists of three parts. These are: (a) the
blade, (b) the petiole, and (c) the veins. The blade, or the working
part of the leaf, is generally broad or fiat. The petiole attaches the
leaf o the stem and holds the blade up to the light. The velns are
branches of th% midrib which form s netyork which supports the leaf and
conveys liquids, sent through the petiocle, to all parts of the blade.
Leaves vary greatly in sisze, shapejythickness, and in texture. The
vainatigﬁ in leaves is of two types. They are eilther '"net-veined® or
"narallel-veined?. (Fig. 6). In net venation, the veins branch oud
many btimes from the midrib and form a complete netyork over the blade.
There are two types of net-veined leaves: plmnate venation, in which
there is one midrib from which the smaller veins branch; and palmate
venation, in which there are several midribs of equal size branching ine-
to each of the blades of the leaves.

Most leaves have only one blade. Leaves of this type are termed
simpius (Fig. 7a). Some planis have leaves in which the blade is di-
vided into separate pileces, called leaflets. Such a lJeaf is termed come—
pound. (Pig. 7b). then the leaflets are all attached at the tip of the
peticle, the leaf is palmately compound. (Fig. 7¢). If the leaflets
are distributed at intervals along the extended petiole, the leaf is

said to be pinnately compound. (Fig. 761).-8

Internal Structure (Pig. 8).

The epidermis is a single layer of cells forming the wpper and lower

&

%. L. Moseley, Biology for Life, Hew York, (1952}, pp. 25-35,
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The leaf




\)
Pavalell

Venation

Pianate

Fig.

Palmate

18



19

T‘j? es of Leaves

(2) (b)
Simple L ompound
m

(c)
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surface of the leaf. These cells fit tightly together and are of twc
types: ordinery epidermal cells, and green, crescent—shaped guard cells,
which occur in pairs, with a ninute opening, or stome, enclosed by each
paire. The ordinary epidermal cells function to protect the inner tis-
sues from dessication, mechanical injury, and, to some extent, from the
entrance of parasites. These cells often seerete a waxy substance, cu-
tin, on thelr outer surfaces. The cutin layer, or cuticle, which is
wzterproof, varies in thicknesc in different specics and is effective in
reducing evaporation. The stomaba are avenues of exchange of carbon di-
oxide and of oxygen and waber vapor belween the interior of the leaf and
the external atmosphere. The opening and closing of the stomata is re-
gulated by changes in the water pressure in the guerd cells. This pres-
sure increases when light falle on the guard cells and decreases when
darimess comes. Light causes an increase in the sugar content and thus
in the osmotic concentration of the guord cells, and water enters, sup-
plying the pressure which expands the guard cells.

The mespphyll, cccupying the central portion of the leaf, isg come-
posed of two distinct tissues: the palisade tissue, consisting of ver-—
tically elongated, cylindrical cells; below the one or two palisade
layers is the spongy tissue, composed of loosely-packed cells of vari-
able form. Both layers are rich in chlorophyll and constitube the food-
making tissues of the leaf. The numerous intercellular spaces make pos-—
gible the ready diffusion of gases Lo all cells. Yithin the spongy layer

)

lie %the veins or vascular bundles., These are branched continugtions in

the mesophyll of the vascular bundles of the petiocle. A vein consists

€

of xylem cells which conduct water up from the roots, and phloem cells

which conduct food substances in solution downward. In most leaves, the
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xylem cells are the upper part of the veins, and Lno pblcen Cbllu ar

the lower part.9

Phyaiology of lLeaves

The mein physiological functhion perfbrmed by the plantvis the pro-
cessg known as pholtosynthesis. This process may be defined as the mami-
facture of carbohydrates from carbon dioxide and water in the presence
of Iight through the mechanism of chlorophyll. It is the basic process
of food manufacture in nature and all animals and plants {(except a I@u
fungi) depend én it. It is also a major source of oxygen in +He air.
The end product of photosynthesis is starch and the waste material given
off is oxygen. In this manner, phobosynthesis is beneficial to animals

‘

in that they use the starch for food and the oxygen respiration.
Plants benefit from photosynthesis in using th? starch'for food for them-
selves. The following experiments are presented to show that during
photosynthesis, carbon dioxide, chlorophyll, and sunlight are necessary

10
and that oxygen is given off as a waste product.

Eyxperiment 1.

Object - to ghow that sunlight 1s necessary for photogynthesis

Method -~ select a geranium plant which has been in the dark for at least
24, hours. Covei a portion of several of the leaves by pinning
a piecc of cork or black paper to both the upper and the lower
sides of the leaf. 'Expose the plant to sunlight for a few days.

2 .

Remove the lesves and boil first in water for five minvitss and

9Tbid, pp. 35-40.

10y, Swmmerson, Practical Physiological Botany, Hew Yorl, (1954),
pp. 5=20.
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then heat in alcchol to remove the chlorophyll. Spread the
leaves out on a flat surface and apply icdine.

Observation ~ fhe part that was not covered turned blue-black, indica-
tive of the ?resence of starch, while the part which was not
exposedlto sunlight remalned white.

Conclusion - sunlight is necessary for the manufacturing of sterch in

leaves.

Banerinent 2.

Object = to demonstrate the necessity of chlorophyll in photosynthesis.

Method ~ select a plant vhose leaves contain both white and green paris.
Bxpose to sunlight for a few hours and then remove chlorophyll
by boiling in alcochol. Apply icdine to the surface of the
leafl.

Observation - those parts of the leafl which were green (contained chlo-
rophyll) turﬁed blue-black, indicative of the presence of starch,
while those parts which were originally white (no chlorophyll)
did noﬁbturn blue.

Conclusion -~ Chlorophyll is necegsary for photosynthesis.

Oxperinent 3.

Object ~ to demonstrate the liberation of oxygen during photosynthesis.

Method - £ill a jar with water, at the bottom of which is a green water
plant such as elodea. Cover the plant with a funnel and place
a test tube filled with water over the funnel and sxpose the
plant to sunlight for several days.

Observation - bubbles were seen rising in the test tube and displacing
the water there. After the gas was collected, a glowing splint

was inserted and the asplint burst into flame.
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Conclusion -~ Since oxygen supports combustion, the gas in the test tube,
which was given off by the plant during phobosynthesis, must
have been oxygen.

Dxperiment 4.

Object —~ To demonsirate that carbon dicxide is necessary for photosyne
thesis.

Hethod -~ place a healthy geranium plant on a sheet of nlasq with a2 beaker
of potassium or sodium hydroxide pellets. Coyer the apparatus
with a bell jar and seal it to the glass with vaseline %o make
it air tight. {The polassium hydroxide will remove the carbon
dioxide from the jar). Set up a similar demonstration, omitting
the hydroxide and place both preparaticns in moderate sunlight.
Text for starch.

Observation - the plant with the carbon dioxide absorbent will show
little or no starch, while the plant with no carbon dioxide ab-
sorbent will show a positive starch content.

Conclusion - carbon dioxide is necessary for starch production in photo-

gynthesis.

Unit 2

The Stem

Aerial stems are commonly classified into two types: (1) herbaceous

and (2) woody stems. These type stems differ chiefly in the fellowing

ways:
Herbaoceous Stemg Hoody Stens
8. Soft and green a. Tough and not green

b, Iittle growth in diameter b. Much growth in diameter
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ce Tissues thefly primary ' ce. Tissues chiefly secondary
d. Chiefly annual d. Chiefly perennial

e. GCovered by an epidermis e. QCovered by a corky bark
f. Buds mostly naked f. DBude covered by scales

External Structure

Y

Upon examination of a young shoot from a tree, (Fig. 9), it can be
seen that the large bud is at the end of the twig. This is called the
terminal bud. The terminal bud is a leaf bud which will develop, during
the following spring, into a new branch cr sheoot and leaves. Covering
the terminal bud are bud secales which protect the bud from external ine
jury. On the side of the stem theye will be moon-~shaped scars known as
leaf scars, each of these indicating where s leaf fell off the tuig.
Within the leaf scars there are small dot-like marks which are the sever-
ed ends of the veins which pasg into the leaves. These are known as bun-
dle scars. Somewhere on the stem you will come upon g cirele of scars
which extends all the way around the stem. These are called bud-scale
scars, and were fofmed when the scales of the terminal buds fell off the
previous spring. The ring, therefore, indicates where growth started the
previous spring; thus, the distance befween any twe bud-scale scars shows
the growth of the twig for one year.

The chief functions of the stem are: (1) The conduction of sub-
stances up from the roots to the leaves and down from the leaves to the
roots, (2) the production and support of leaves and reproductive struc-
tures, and (3) the storage of food. There are some stems which perform
secondary functions, including photosynthesis (in young green stems),

and respiration {which takes place through openings known as lenticels,
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. 11
in the bark of older shtems).

Internal Structure (Fig. 10)

The internal structure involves two types of stems; monocotylendons
and dicotyledons. The monocoiyledenous stem is one produced from o seed
that has but one cotyleden, while the dicotyledonous stem has developed
fron a seed that has two cobyledons. In the dicot stem, the outermost
portion is known as bark. This bark is composed of three layers. The
outer surface is known as the cork layer which protects the stems againgt
water loss. Below this is the eortex and below the cortex lie the phloem
cells, which convey food, manufactured in the leaves, down the sten. Jugt
under the bark, there 1s a region known as the cambium layer which is the
regiocn of growbth. The innermost portion of the stem is kuown as the pith,
which serves as a storage place for food. Between the pith and cambium
lies an area called the wood. The ouler wood ring, next to the cambium,
conbaing the xylem tubce which conduct the water in the plant. In the

monocot stem, the functions of the tissues are similer to thosa of the

o]

dicot stem. A monocot stem, however, does not produce a camblum, so tha

i

S

11 of ite cells are prims d not secondary tissues. In this type o
11 of it 1ls are primary and not secondary tissues In this type of
stem the fibrovascular bundles, (containing the xylem and phloem cells)
scattered throughout the pith, corry soil water up the stem and food ms
terial down toward the rools. These bundles also give strength and sup-
port to the stem itself. In the monnocob, the ouber covering is called

the rind and the direction of growth is in height rather than in both
2

height and width as in the dicotb.

lTheodore Colen, Biology, Hew York, (1949), po. 121-125.

12 .
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Roots

Plaabs are in close contact with the soil through their root sys~

tems. Most roots grou beneath the surface of the soil and their func-
tions are as follows:

(1) Anchorage of the plant in the soil

(2) Absorpiion of water and dissolved minerals from the soil

(3) Conduction of water and minerals upward into the stem

(&) Conduction of foods manufactured in leaves downward ﬁo frandet o
th and storege regions of the roots

(5) Pood storage

Roots are adapted for carrying out their primary functions by thelr
general structure which is & long central rool and many smaller roots
branching out from it. The roots anchor the plant by sinking =z sirvong
foundation and by the presence of roobt hairs with their delicate ocul-
side membranes which permit osmogis to take place and the soll water,

13

with dissolved mineral matter, cnters the roots..

=

L

oot Structure (Fig. 11)

)

The epidermis is a layer of cel svwhich, together with roobt hairs,
abéorbs s0il vater. The cortex is made up of thin welled cells in which
food is stored. The central cylinder contains the woody (or xylem) tis-
sue and the bast (or phloem)} cells. The sieve tubes convey food down

from the leaves through the fibrous bark of the stem and the cortical

Br. o. Alexander, An Qutline of General Biology, New York, (1950),
pp . 1 1“' 12 @
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produces new cells

£

The growing or cambium reglon
the root

layer of the root.
protacted by several layers of dead cells known as

which are

cap.

Exveriments Associated With Roots

Experdiment 1.
region of the rool through whieh ligquids arise
the carrot in a red ink soluiion and
Remove the carrot and cut a ’

Object —~ to show th

Method ~ place a tap roob such

several hours.

1side for

gset ¢

lengthvise section.
tﬂ%f d rad.

he central cylinder of the root

{through ducts) in the central cylinder of the

Obgervation -

Conclusion - liguid ari
root.

txperiment 2.
ahow the respobse of roots to gravity.
h seeds on molgt cobton and when the roots
seeds bhotween two glas

point

Object ~ to
Method - germinate some radish
are about one-half inch long, place th

How turn the plates so that the tips of the root
z tips once

plates.
aeveral days turn the plate so that the

upvard. After
they

oint upuward.

more poin
ch time the tips of the roots were poiuted upuard

is influenced by gravity.

Obgervation -
later seen to curve around and gsrow downvware

Jere

)

Conclugion - the direction of growth of rootg

Exoerinent 3,
roots Lo molgture.

Object - to show the response of
(uestions and Answers, Wew York, (1950},

0len, Biology -
Philadelphia,

léihcrdov@
ppe 130-132.

L prthur G. Hoff, Zecondary
(1947), op. 4L7=49.

School Selence Tesching,
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Method = fill a wooden box with sawdust and divide the box into two parts
by means of a partition. KXeep one side moist and the other side
dry. FPlace some bean seeds that have germinated on the dry saw-
dust and set aside for several days.

Obgervation - the roots will grow btoward the molst sawdust.

Conclusion - roots respond to the influence of moisture.

Unit 4

Flowers

A flower is the reproductive part of the plant; its function being
to produce seeds. A flower (Fig. 12) consists of two types of organs:
the essential, which includes the stamen and the pistil; the accessory,
which includes the calyx and the corolla, The stamen are made up of
slender stallks called filaments, vhich support the anthers. These an-
thers are box~like and are filled with pollen grains. The pistil, as a
rule, consists of three distinet parts: the stigma, the style, and the
ovary. The stigma is somewhat enlarged and contains a sticky substance
to catch and hold the pollen grains. The style is the neck-like portion,
doun which the pollen tube will travel. The ovary is the expanded base
of the pistil and contains the ovules or the undeveloped seeds. The se-
pals are green and leaf-like, and togeiher, malke up the calyx which protects
the flower. The petals, also leaf—like; consbitute the corolla. They are
usually highly colored and thus attract insects. The essential and acces-
sory organs are abbtached to the receptacle and this recepatele later be-
comes a part of the fruit.

The stages in the reproductive nrocegs of the flower are as follous:
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pollination, germination, and fertilization.
Pollination (Fig. 1R)

Pollination is the transfer of pollen from a stamen to a stigma.
It is brought about by wind, water and by animals and‘insects. Celf-
pollination is the transfer.of pollen to the stigma from the stamen of
the same flower or to another flower on ihe same plant. Cross-pollina-
tion is the transfer of pollen from an anther to a stigma on another |

nlant.
Germination (Fig. 12)

The development of pollen grains and ovules is as follous:

1, Pollen mother cells are produced in the anther saes. ¥Fach mo-
ther cell forms four poilen grains. Melosis, or‘re uction division, ocw-
curs when pollen grains are formed from nollen mother cells. Bach nu-
cleus in a pollen grain thus has half the number of chromosomes of the
body cells.. Each pollen grain has a tube nucleus and a generabive nie
clous.

2. An ovule develops inside the ovary, to the inside of which is
attached by a placenta and by a stalk, or funiculus. The ovulegs extend
into the cavity or cavities (locules) of the ovary. An ovule ready for
fertilization has several layers of cells on its surface. Inside the
integusents is the embryo sac, which at maturity usuvally contains eight
nuclgi, three at one end, two in the center, and three at the other end.

Reduction division occurs in the spore mother cell in the ovule. One of

léﬁen DeLeon, A Graphic Survey of Biology, New York, (1959), DPe 258-

260.
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The Flower

Fig. 12
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the spores formed from a spore mother ceil de&elOps into the embryo sac.
At the end of the ovule opposite the funiculus end is a pore (micropyle),
an opening wherc the integuments have not closed. One of the nuclei at
the micro-pylar end of the embryo sac is the egg; the other two at this .
end are the synergids. The two nuclel at the center of the embryo sac

are the polar miclei. The other three 2t the other end of the ambryo

17

sac are the antipodals.

Fertilization

After the landing of a pollen grain on a stigma, vhich ig often
covered by o gticlky fluid, hairs, or roughened proiuberances which hold
the pollen grains, these incidents occur in order:

1, The pollen grains swell, germinate, and form a pollen tube,
which grows down through the style by digesting some of the stylar cells
or by grouing through a stylar canal, and which enters the ovary. The

2

growth of the pollen tube controlled by the tube nucleus.
2. A pollen tube enters the micropyle of an ovule in the ovary and
discherges into the embryo sac two sperm muclei, which develop from the

divigion of the generstive micleus.

3. One sperm fuses with the egg nuveleuns, thus forming a szygote, or

4 The other sperm fuses with the two polar mclel to form the en-
dospern nucleus. This behavior of both sperms is lnown as double fertili-
zation,

5. The tube macleus, gynergids, and antipodals disintegrate.

1%imy;ﬂ¥hﬂeh &mm@lﬂﬁammxbquk,(FSﬂ,lm.%&eL
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6. The zygote by mumerous cell divisions deﬁelops into the embryo
of the seed.
7. The endosperm micleus develops into the endosperm (food storage)
tisgue of the seed.

8. The integuments become the seed coabs of the seed.

9. Feollowing fertilization, the ovary and its cvules increase in

size. In some plants, fruits develop without fertilization, a condition

18
known as parthenocarpy.

Unit 5

Variation and Heredity

2

One of the striking characteristics of living organisms ip their
reproduction of similar offgpring, which are not merely of the same spe-
cles ag btheir parents bub which often resemble their parents more than
other individuals of the same species. However, offgpring are never ex-

2y

act duplicates of thelr parents. The tendency of offsgpring to be like
their parents is called heredity. The tendency of offspring to differ

among themselves and fram their rarents is called variation.
Variation

Variations within a species are of three common kinds:

1. Envirommental Modifications, which are differences brought sbout
by differing environments which may surround individuals of the same gpe-
ciegs. Individuals of the same plant species growing in different types

of scils, under different rainfsll end temperature conditions, ete. show

Bipia, pp. 91-92.



differences in size, rate of growth, leaf size, and vigor. These environ-

\6

mentally induced modifications are not inherited, except possibly if the

4

[0)

[#)

diffevences in the enviromnent contimie for thousands of years.

2. Mutations, which are sudden veriztions of genebic makeup which
is entirely vnpredicitable in nature. They arc caused by changes in.
chromosome arrar zenh. Mutations are heritoble and are usually passed

PUgs
3

vbion to generation. Mubtations may develop in seeds or in

3. Combinations, which are variatious in the offspring of psrenis
which possess heritable differences. These parental difforences combine
in various ways in the offspring and are heriiable. An offspring of

-

parents with heritable differences is termed o hybrid.

eredity

The fuada mentwl laws of here=dity were discovered by Gregor Hendel,
an Austrian monk, who in 1866 published his work on inheritance in gar—
den peas. AL first it was thought thot all hereditary phenomnena follow
ed the laws discovered by Mendel, but more recently maeny excepiions to
these lauys have been found. Mendel's work was with monohybrid and dihy-
brid cressess. A nonohybrid cross is oné betuween parents di

single character. A dihybrid cross is one between parents differing in

two characters. Trom Mendel's work on mono-~ and dihybrid cresses, four
19

laws may be stated:

1.

1. The Law of Dominange - some hereditary factors dominote or cone

concealing the wvresence of the recessive

trol others in

E. R. Prack, Iveryday. Problems in Biclogy, Chicago, (1954), pp. 36-

LR
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factor,

2. The Law of Segregation - hereditery determiners may come togeth-

er in one generation (Fl) and may then separate when thet generation re—-

@)

[

4

e
s

produces and forms offspriag
3. The Low of Unit Characters - each hereditary determiner is an

a call and behaves independently of other detorminers.

to
in i
Fnr

independent unib

boa The Law of Independent Assortment - the hereditary determiners
yhich come together in one generation may separate and combine in various
ways in the next generation,

Since Mendel's work, great steps have been made in furthering the

is & look at

nowledge of heredity and its compenents. The follouwing
the problens encountered in determining the nhysical bosis of heredity:
1. Chromosomes are the lsrgest identifiable rod-like massses of

o

chromatin in the nucleus ot mitosis. Chromatin is orgsnized iubto unite,

3

geveral of which are borne in linear fashion on z chromesome. Bach of
these units (hereditary determiners or genes) influences a single trait
of an orgenism. fzch chromosong bears mumerous Zenes.

2. The hereditary conuection between onme generetion snd another ie
by weans of the chromosones of the gex cells which fuse in nairs at fer—
tilization.

3. 411 of the body cells of plants and animals have two sets of
paired chromosomes; one set is 2 descendant of the chromosomes which com
from the parental sperm and is made up of clwomosomes like those of the
ther set is a descendent of chromosomes uhich came from the
parental ogg. These chromosgomes are paired; that is, for every chron
scome, of the male set, there i1s a chromosome of the female set bearing

similer genes in sirmdilar order. In organisma with odd chromeosome numbers
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in their body cells, all of the curamosones oxcept one are usually pol

ed. Thus, every body cell coataing a number of paired (hemologous)

chromosones; this is ecalled the diploid number. This mamber is uweunlly

20
comgtant for every body cell of ths gpocles.

It is conceivable thal our knowledge of heredity will sone day de-

velop to such an extent that a eugenlcs program will

P

mractical value than it does now. At the present tine, however, it

the virtually nirious opinion Ly iets and soclal seientists
he virtuolly unanimous opinion of hioleogi and soclal geicnt 8

3
E7iH

ment, in the broadest sense of the word.

.

Y. 1 -+ 3 -3 e 7, a5 ;o o ey e * 25
The objects of plant classificstion are to grrange plants in &
for identification and to indicaite, whereever possible, relstiouship

3

g
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ne only hope of improving the human roce lies in improving its environe

ounsg

among plants. The exact total mumber of the kinds of (epecies) plants

on the earth ls not known; about 350,000 spocies ere knowm at the m

e 4

The science of classification is known as taxononmy.

Y =

AL present, reproductive structures and behavior arc the chief ba-

gig of classification, and vegebative characters are of secondary

tance. Baphasis is placed on reproductive featurcs because these a

el i

re

less susceptible to the influence of enviroamental factors than are vege

etative ports of plants and are conseguently nmore gbablo.
; i aet 79 eatd } & 1170 =y T BT e
A gysten of clasgsification is o complete arrangerent of the ma)
. P T T Vo e e & e . I IP X N, ) e vy}
proups of plants or of all plants into a unified scheme. Different

OIbid, De 4346,
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botanists have provosed different systens of classification, because ace—
curate knowledye of true relationships among certain plants ig lacking
and cousequently opinions as to such:relationships vary. A natural

system attempts to clageify orgenisms on the basgis of thelr true relae-

tionships. A natural gystem ls the goal of taxonom, As more facths

about relationships are discovered, artifieial systems are replaced by

natural syshens.

Plants are classgified in the follcwling
Fhiylimm, Class, Order, Family, Cenu,&., and & pecma\. A spacies way e de-
fined as the smallest unit in the clageification s,]'s em, It is a group
of individvals of the same ancestory, of similor 'trucwre and behavior,

kN

and retain thelir characteristic features through nany genemtions under

‘«‘1

LS8 e

natural conditions. & genus is a collection of closely related specd

.

A fanily is a group of closely related gensra and an crder is a group of

closely related femilies vhich have certzin common traits but which differ

o

in certoin respecis. A class is a group of rclated ovders and o vhylum

.

e

is a group of related classes.

The following systen of classification is most commonly used; be-

% . . 21
cause 1% 1s the most nearly natural system:

KIRGDGI = Plant

Subeleingdom =~ Thallophyta (plants net forming smbryog)

Phylun 1 === Cyanop! V‘ba (blue-n'recn algae)
Paglum 2 = Buglenophyte {evglenoids)
Phylut 3 - CthI'Oithbd (wreu‘x alzae)
Phylum 4 = Chrysophyta (yellow—green and brown algae)
Phylum 5 === Pyrrophria {cryptomonads, dinoflagellates)
Phy ylun 6 = Phacorhyta (brown algae)
Paylum 7 -— Rhodophyta (red ¢ lwae)
5

{
H
{
m

Phylum chizomycophyta (bacheria)
Phylim © e M’; O r’;{caphvb@ (sline nmolds)
Phylu 10 = ﬂwlycmp iy ta (true fung l)

21

o .

George E. Wichols, The Genersl Hiolooy Course and The Toachinq of
™ . i 3 P

Flementory Botany and Zoolomr in American Colleges and Universities,

Science, Vols. 501, 500, 517, (1949).
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Embryeophyta (plants forming embryos)
Bryophyta (plants lacking vascular tis
Muscei {wmosses)

Hepaticae (liverwvorts)
Anthoceratae (hornworts)
Tracheophvta {(plants with vagcu

sue )

T

L2

4 .
¥ Lissues

)

~ Peilonsida (psilopsida)

—- Lycopsida (club mosses)

- Spenopsida (horsetails)

- Pheropsida (ferns and seed plants)
Filicincae (ferns)
fymnospeng& (cone~bearing plants)

sngiospermac (trus flowe plants)
~ Dicotviedonae

ionocobyledons

FLIE

¥

ia 8y of plant has & sclentific nome composed of two words:
the firgt, which is caplialised, is the name of the gemvs; the second,

not capitelized, is the name of the species. This system of noming
called the "binomial system®. It was dnvented in the seventeenth cen-
tury and was ”iist used by the Swedish taxcnonist, Carl Linnaeus. Fol-
lowing each gclentific name is an initiel or abbrevistion which indicates
tiie man who nomed that opecies. Tor exemple: Rhizopus nirgricans, Linn.

)

(bread mold




CHAPTER V

MARY AND CONCLUSIONS

The objective of this report has been to iry Lo preseant an "ideal?
wathod of presenting the sclences to the high school students of today.
It is trﬁe that today we are living in a so-called technieal world and
it becomes more so each and every day. However, in the avthor's opin-
ion, high schocl science is nob the place for all this technical train-
ing. What our high sgchool studsuls nesd is a broad, conprehensive backe-
ground on which to build a stronger one if the giudent decides to fur-
ther hisg education in a university.

Tha aiﬂm school dnstiuctors of today are wplacing enmtirely Loo much

emphasls on "eramming” terms and fipuros iwto the student or reguiring

sxtensive, unnecessary memorization of techunical information. Instead,

2 o

tegehers should attempt to prasent the basic information, taking firgt,
sach part and becoming familiar with its structure and funeciions us o
single unit and then as a part of a complete systea.

If thie job were done effectivewy‘by'the present-day high school
teachers, and the technical training were left to the colleges and uni-~
versities, our children would finish school with something more than just

a diploma. They would finish with an understanding far superior Lo any

educational system that hss yet beon devised.

42
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