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Preface

Laboratory course is one of the most fundamental teaching forms in colleges. The
abilities of self-learning, creativity and innovative thinking of students can be trained
through performing experiments. Students’ experimental techniques, scientific thinking
and innovative spirit can also be cultivated. Therefore, laboratory course is crucial in
promoting education in all-around.

With the rapid development of science and technology, universities must enrich
the contents of laboratory course with the latest knowledge continually. Experiments of
botany will lay the foundation for further study, and is essential for the development of
scientific literacy. Thus, experiments of botany are regarded as a main basic course for
college students majoring in life science, plants production, ecological and pharmacy.
And it gradually became an independent course.

Considering the globalization of information and economy, the question of how to
cultivate interdisciplinary talents who are good at professional knowledge and
proficient in English is faced by all education institutions and educators. Therefore, the
implementation of bilingual education is an important way to train talents with the
consciousness of international cooperation, international exchanges and international
competitiveness. Several Chinese versions of “botany experiment” textbook have been
published in domestic. But the lack of English textbooks with the corresponding
teaching content in market hindered the bilingual teaching of this course.

In addition, teaching hours are becoming more limited for traditional courses. To
improve teaching quality and efficiency of the experiments, compiling a scientific,
systematic, fundamental and practical laboratory textbook will be more arduous and
urgent for teachers.

In order to keep up with the development of disciplines, to train talents with
innovative thinking and excellent creativity, we have read a lot of relevant books and
learned teaching experience from other universities to compile this book. This English
version textbook of botany experiments is based on original English textbooks and
relevant papers published and a product of careful selection.
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There are 16 experiments containing in this laboratory manual, namely the
microscope, the cell, the tissues, roots, stems, leaves, flowers, fruits, seeds and
seedlings, algae, fungi and lichens, bryophytes, ferns, gymnosperms, angiosperms and
campus field trip for botany.

This textbook is co-compiled by San-Mei Ma, Yong-Fei Wang, Xiao-Wu Sun,
Wan-Chang Li, Hong-Ye Li, Hong-Xia Qu, Ya-Qin Wang, Run-E Bai, Shui-Liang Cao
and Kun Fang. Their responsibilities are as follows: experiment 1 written by Xiao-Wu
Sun, experiment 2~3, and 11~14 written by Wan-Chang Li, experiment 4 written by
Hong-Ye Li, experiment 5 written by Hong-Xia Qu, experiment 6 written by Ya-Qin
Wang, experiment 7~8 written by Run-E Bai, experiment 9 written by Shui-Liang Cao,
experiment 10 written by Kun Fang, experiment 15 written by San-Mei Ma,
experiment 16 and the appendix written by Yong-Fei Wang. Xiao-Wu Sun, Wan-Chang
Li, Hong-Ye Li, and Hong-Xia Qu have made great efforts in manuscript revision.
San-Mei Ma has drawn all the pictures of this textbook. San-Mei Ma and Yong-Fei
Wang are responsible for editing, revising and finalizing the manuscript. Without our
joint efforts, this book will not be published on time.

We are grateful to Jinan University, Hunan Agricultural University, Henan Normal
University, South China Botanical Garden of Chinese Academy of Sciences, South
China Normal University and Henan Agricultural University for suggestions and
consideration. The publication of this textbook is a project approved and initiated by
Overseas Chinese Affairs Office of the State Council and funded by the Lin-Ji Peng
Foundation and the National Industrial System for Watermelon and Melon. Large
efforts are also made by Science Press.

Editing a textbook is a long-term task. Since our level is limited, some errors and
irregularities are inevitable, please let us be informed. Please give us valuable
suggestions for amendments.

Author
February 2014
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Materials

(1) Compound microscopes.
(2) Dissecting microscopes.
(3) Microscope slides.

(4) Cover slips.

(5) Lens paper.

(6) Dissecting needle.

(7) Other objects for viewing.

Some Suggested Learning Goals and Require-
ments

(1) Identify the parts of a compound microscope, and know the function of each
part.

(2) Understand the differences and similarities between a compound microscope
and a dissecting microscope.

(3) Know what is meant by resolution, field, and depth of field.

(4) Be able to proper use the compound microscope and dissecting microscope.

(5) Be able to calculate the magnification of each object being viewed with
specific combinations of lenses.

(6) Be able to prepare wet-mounts or fresh mounts.
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Experiment Contents and Procedures

Microscopes are very important tools in biology. The term “microscope” can be
translated as “to view the tiny”, because microscopes are used to study things that are
too small to be easily observed by other methods. The microscopes that we will be used
in this lab are compound light microscope and dissecting microscope. Light micro-
scopes can magnify the image of a specimen using light and lenses. The term “compo-
und” means that this microscope passes light through a specimen and then through two
different lenses. The lens closest to the specimen is called the objective lens, while the
lens nearest to the user’s eye is called the ocular lens or eyepiece.

When you use a compound light microscope, the specimen being studied is placed
on a glass slide. The slide may be either a prepared slide that is permanent and
purchased from a science supply company, or it may be a wet mount or a fresh mount
that is made for temporary use and is made in the lab room.

A. General Instructions

Light microscopes are expensive precision instruments that will give satisfactory
service for many years if they are handled and maintained properly. Students are
responsible for such handling and maintenance in the laboratory. Read and observe the
following instructions carefully:

(1) Always use both hands when carrying a microscope, and always carry it in an
upright position. Parts of a microscope may fall off if this rule is not followed.

(2) Dirt is the biggest enemy of optical instruments. Keep all parts of your
instrument clean. Use only the lens paper provided to clean lenses. Never use facial
tissue or handkerchiefs to clean the lenses. The glass of the lenses is different from
window glass,which could be easily corroded by acids present in fingerprints and by
other chemicals.Moreover rubbing can alter the curvature of the lens. Do not remove
oculars or objective lenses. When this is done, invisible dust present in the air gets
insides the microscope and then may become visible as it is greatly magnified. If dirt or
fingerprints are not readily removed with dry lens paper, wet a corner of the lens paper
with clean water and rub gently in a circular motion. Immediately wipe off anything
(including water) that spills on your microscope.

(3) Never force any of the adjustments. If something does not work smoothly, call
the instructor.

(4) Inspect your microscope carefully each time you use it. Report any missing or



1 The Microscope -3 -

damaged parts to your instructor before you start to use the instrument. You will be
held responsible if you fail to do so.

(5) Before returning a compound microscope to the microscope cabinet, be sure
the scanning objective (or lowest-powered objective) is in place.

B. Compound Microscopes

1. Parts of a Microscope

Several brands and types of microscopes may be in use at your institution. Locate
the following parts on your compound microscope.

1) Base

This is usually made of heavy mental and is more or less U-shaped. Your
microscope has either a lamp or a mirror located between the arms of the U.

2) Arm

Arm is upright metal structure attached to the base. Several other parts attach to it.

3) Barrel or drawtube

This is a cylindrical metal tube with a moveable ocular inserted at the top end.

4) Ocular or eyepiece

This is a short metal cylinder with a glass lens towards each end. It may have a
hair or line inside that serves as a pointer and moves with the ocular as it is rotated.
Most oculars by themselves magnify an object 10 times.

5) Revolving nosepiece

This usually loosely resembles a small, metal pancake sandwich with three to
several shotgun shells stuck in it. Note that as you rotate the nosepiece, the metal-cased
objective lenses must be “clicked” into place for an object to be visible.

6) Objective lens

There are usually three and often four in research microscopes. But there may be
as many as five or six. The magnification achieved by each objective lens is indicated
on its side. Common values are 10 x for a low-power lens and 40 x for a high-power
lens. The total magnification of a viewed object is calculated by multiplying the
magnification of the ocular by the magnification of the objective lens.

For example, the magnification of the object being viewed with a high-power
(40x) objective lens in place would be as follows:

10 x (ocular) x 40 x (objective) = 400 times
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7) Stage

This is a platform on which a glass slide to be viewed is placed. The stage has a central
hole through which light can pass. The stage may be mechanical, with knobs and clamps
for moving slides in four directions, or it may have two flexible metal spring clips, each
with one end attached to the stage. The spring clips hold a microscope slide in place.

8) Condenser

This is a lens system located beneath the hole in the stage. The condenser either is
fixed in place, or can be adjusted by means of a knob. It functions in concentrating
light in the plane of the object being viewed. If your condenser is adjustable, turn the
knob so that the top lens of the condenser is as close to the stage as it will go, then back
it off not more than millimeter, and leave it there. At this setting, the maximum amount
of light passed through the microscope. Check each time you use your microscope to
make sure the condenser is properly adjusted. This is important because improper
adjustment can significantly reduce the resolution of objects.

9) Iris diaphragm

This is a series of overlapping, thin metal plates that form a hole through which light
can pass. The iris diaphragm is located on or within the condenser; it regulates the amount
of light passing through an object. It is adjusted with the little lever protruding from the side
of the condenser. You will find you need less light for objects viewed under high power.
You will also find that the smaller the hole formed by the iris diaphragm, the greater will be
the depth of focus (the distance between two adjacent objects, or parts, or parts of an object
that are both in focus at the same time). Always use the iris diaphragm to adjust the amount
of light reaching your eye. Never move the condenser up or down to do this. You can
reduce the light intensity by moving the condenser downward, but by doing so you will
reduce the resolving power of your microscope. This is especially important when viewing
objects at higher magnifications.

10) Coarse adjustment

This adjustment changes the focus relatively rapidly and is controlled by a knob
usually located toward the base of the arm of a microscope. It should be used only with a
low-powered objective lens in place. Always complete focusing with the fine adjustment.

11) Fine adjustment

In some microscopes, this adjustment is brought about by turning a knob separate
from the coarse adjustment knob. In other microscopes, the fine adjustment knob may
be combined in various ways with the coarse adjustment knob. When there are two
distinct knobs, the fine adjustment knob is usually smaller.
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12) Lamp or Mirror

This is located at the base beneath the condenser. The lamp usually has a knoblike
switch that should be rotated clockwise to turn it either on or off. The mirror has a flat
surface on one side and a concave surface on the other. It should be adjusted to focus
the maximum amount of light available on the lower end of the condenser.

2. Using the Microscope

(1) Place the microscope squarely in front of you and just far enough from the
edge of the table to be able to look through it without becoming uncomfortable. Also, if
necessary, adjust the height of your seat.

(2) Gently clean all optical surfaces with lens paper.

(3) Place the provided slide on the stage and make sure the material is centered
over the hole in the middle of the stage. If you have a mechanical stage, center the slide
with the stage adjustments; if you have spring clips, place them over the edges of the
slide.

(4) Switch the low-power objective in place, and bring the objective as close as
possible to the slide with the coarse adjustment. Always begin examination of a slide
with the scanning or low-power objective. The high-power objective is longer than the
lower-power objectives, which may potentially crack the slide as well as be damaged if
used incorrectly.

(5) Turn on the lamp. If you have a mirror, line up the separate lamp provided so
that the maximum amount of light comes through the hole in the stage. Note that the
mirror is flat on one surface and concave on the other.

(6) Keep both eyes open, focus carefully with the coarse adjustment until the
material is roughly in focus. If you do not see anything with both eyes open, cover one
eye with your hand but do not close one eye. Then sharpen the focus with the fine
adjustment.

(7) Adjust the amount of light reaching your eye with the iris diaphragm. This is
important as you cannot see detail with light that is either too intense or too dim for
your particular eye.

(8) Once the material is in focus, move the slide slightly and note that the material
moves in the opposite direction. Note also that the image of the material is inverted.
Now swing the high-power objective into place and refocus with the fine adjustment.
You may need to recenter the material after switching lenses.

(9) Completely clean objectives and oculars, clean slides, proper focusing, and
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correct light intensity are all necessary for maximum resolution, which is the capacity

of the microscope to separate tiny, closely adjacent objects.
3. Wet Mounts or Fresh Mounts and Prepared Slides

1) Wet mounts

Living material is often observed in a preparation called a “wet mount”. This
basically means that the living material is either in water, or is covered with water
before adding a coverslip. Because water is the primary constituent of living cells, this
technique is necessary to be able to observe living material without the damaging
effects of dehydration.

The general procedures for making a wet mount are described below.

(1) For wet specimens: put a drop of your liquid culture (mixed) directly on the
slide; For dry specimens and living specimens: put a drop of water on the slide, then
add a small sample.

(2) Hold a coverslip at an angle to the slide and touch one side of it to the edge of
the drop of water. This will cause the water to spread out along the place where the
coverslip touches the slide. Now, gently drop the coverslip over the water on the slide.
This should result in a minimum of air bubbles under the coverslip.

(3) Dry your slide before you put it on the stage.

(4) Try to find the objective under low power. When you think you have one, change
to the next higher power, and finally, the highest power.

2) Fresh mounts

Fresh mounts of biological material may involve whole organisms, free-hand
sections cut with a razor blade. The material is placed in a drop of physiological saline
or water in the center of a clean slide. Some care must be taken in lowering the cover
slip in order to avoid trapping air bubbles. The difficulty is overcome by first allowing
only one edge of the cover slip to rest on the slide and, while supporting the cover slip
with a needle, slowly lowering it over the preparation. Since this type of preparation
will dry up, a drop of saline or water must occasionally be added along one edge of the
cover slip. Alternatively you can reduce evaporation by ringing the edges of the cover
slip with a thin film of vaseline.

Note:

(1) The key to making a good slide is thinness of the sample. If your sample is too
thick the coverslip will not sit correctly and will “wobble”. Also, light will not pass
through!
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(2) Try to get the thinnest piece as possible as you can; it should be thinner than
paper. It might help if you take a thicker piece and bend it until it snaps into two pieces.
After it snaps, there is usually a very thin connection remaining between the two
pieces. This thin connecting layer can be peeled off and placed on a microscope slide
for viewing.

3) Prepared slides

Prepared slides consist of whole organisms, or sections (thin slices) of organs or
tissues. In the case of sectioned material, an organ or piece of tissue is first killed and
‘fixed’ in a preserving material. It is then infiltrated and embedded in paraffin or
plastic. The resulting block is cut into thin sections (usually 4~10mm thick) on a
microtome and the sections are mounted on glass slides. The paraffin is removed and
the material is stained usually following a specialized technique to emphasize a
particular structure or substance. Finally, the preparation is covered with a thin layer of
Permount and a cover slip is placed on top.

C. Dissecting Microscopes

A dissecting microscope is used for viewing objects that are too thick for light to
pass through. It also allows for the examination of much bulkier objects than is
possible with a compound microscope (Fig.1-1). The dual lens system provides a
stereoscopic view; magnifications obtained are not as great as those possible with a
compound microscope.

ocular lens
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Fig. 1-1 A dissecting microscope




