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Enjoy & Master Advanced Biology Preface
PREFACE

This book was written because you deserve better.

Advanced Level Biology rewards understanding, yet many students reach Form Six having survived Form
Five on memory alone, able to name parts they cannot explain and to recite processes they cannot reason
through. Biology feels familiar, because we all breathe, eat, fall ill, and watch things grow, so it is easy to
believe you understand it when you have only memorised it. Students memorise what happens, sit
examinations that ask how and why, and leave believing Biology is a list of facts to be recalled under
pressure. That is not Biology. That is memorisation dressed as understanding.

Biology is the study of life in action: how water climbs to the top of a tall tree, how the heart drives blood
to every organ, how a single fertilised cell grows into a whole creature, how characteristics pass from
parents to their children, and how living things share and shape the world around them. It is the science in
which you are the subject, with your own heart, your own genes, your own place in the living world. It is
powerful, deeply personal, and far more logical than its reputation suggests. But mastering it under
examination conditions takes more than a textbook to read. It takes practice: attempting real questions,
building real answers, and learning, answer by answer, how to turn what you know into marks. That is
what this book sets out to give you.

Why a book of questions and answers?

You do not learn to swim by reading about water, and you do not learn Biology by reading model answers.
You learn it by attempting a question, getting it wrong, finding out exactly why, and trying again. This
book is built entirely around that truth. Every concept in the Form Six syllabus is turned into questions you
must answer yourself, each followed by a full model answer that shows not only the correct biology but
the exact, connected English that earns NECTA marks. Used honestly, with the answer covered until you
have written your own, it trains the two things the examination really tests: understanding the mechanism,
and explaining it clearly.

How this book is organised

The book covers the whole Form Six course in seven chapters: Transportation in Plants, Transportation in
Animals, Growth and Development, Reproduction, Genetics, Evolution, and Ecology.

The first part, Topical Questions and Answers, takes each chapter in turn. Every question is followed at
once by its model answer, so you can attempt it and then check yourself immediately. Within each chapter
the questions rise through three tiers.

BINDER questions anchor the core mechanism. Even here they ask you to explain how and why, never
merely to state what. If you can answer these, you own the concept.

REAL questions carry the biology into real Tanzanian life, into health, farming, and the environment,
where the subject actually lives.

HOT questions push you to examination standard and beyond, drawing several topics together and
demanding genuine reasoning rather than recall.

The second part, the Examinations, brings together complete papers modelled on the NECTA format. Each
paper is followed by full worked solutions, so that every question in this book, from the first to the last, has
a complete, well-reasoned answer you can learn from, but only after you have attempted it with the book
closed.

Before the questions begin, a short Student Survival Guide shows you how to study Biology, how to use
this book, and how to beat the two traps, false confidence and weak scientific English, that quietly cost
good students their marks. Read it first. It is the shortest and most important part of the book.
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The team behind this book

Enjoy and Master Advanced Biology is the work of the Ngaiza Education Hub, built by a team of
experienced biology educators who share one conviction: that Tanzanian students deserve world-class
materials written for their context, their syllabus, and their aspirations.

Writers: Mr. Lameck Msangi, Mr. Godson Stephen, and Mr. Peter Marco.
Editors: Dr. Protase Reuben and Dr. Pius Magoyo.
Designer: Mr. Frank Mwita.

I am grateful to every member of this team for their dedication, their expertise, and their refusal to settle
for "good enough.” I thank too the students whose hard questions and honest struggles shaped every answer
in this book. They reminded us, again and again, that a question a student cannot learn from has failed, no
matter how correct its biology may be.

To every Form Six student opening this book for the first time: Biology is not as hard as its reputation, and
it is not as easy as it first feels. It is as logical as any living thing is built to be, and as satisfying as a puzzle
that finally clicks. Give it your honest effort, with the answer covered and your pen moving, and this book
will give you its honest best in return.

Ngaiza, Lusima
Series Creator and Director

This book is dedicated to every Tanzanian student who was told that Biology is just memorisation. It is
not, and this book will prove it to you.
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STUDENT SURVIVAL GUIDE

How to turn what you know into marks.

Why Biology Feels Easy, Then Betrays You

By Form Six you carry a year of Advanced Biology and a lifetime of living it. You know that blood moves,
that plants drink, that children resemble their parents, that living things share a habitat. The topics ahead
feel like home, and that comfort is exactly what makes Biology the most dangerous subject on your
timetable.

The first trap is false confidence. Because the material feels familiar, it feels mastered, and that easy
feeling fools strong students every year. The examination does not ask what happens; it asks how and why.
You know blood carries oxygen, but explain how it loads oxygen in the lungs and releases it in a working
muscle, and the easy feeling vanishes. The distance between knowing what and explaining how is where
most marks are won or lost.

The second trap is the language barrier. Even when you understand the mechanism, you still have to
put it on paper in clear, connected English, one cause leading into the next, in the order the examiner
rewards. Scientific English is not built like everyday Swahili, and almost nobody is taught to cross that
gap. So a student who truly understands natural selection can lose half the marks because the sentences
arrive broken, out of order, or missing the words that carry the logic.

On the answer sheet the two traps look identical. Both produce a weak, disjointed answer that bleeds marks,
yet their cures are opposite. One student must understand the biology more deeply; the other understands
it well and only needs to learn how to say it. This book is built to fix both at once, because every model
answer shows you the mechanism and the exact English that earns the marks.

One example makes the difference clear.
The same question, answered by two students.

The question. Explain why a red blood cell bursts when it is placed in distilled water.

The confident answer that fails. Water enters the cell until it bursts. (It is true, yet it names no cause
and earns almost nothing.)

The answer that scores. The cytoplasm of the red cell has a lower, more negative water potential than
the distilled water around it. Water therefore moves into the cell by osmosis, across the partially
permeable cell surface membrane and down the water potential gradient. Because an animal cell has no
cell wall to resist the inflow, the cell swells until the membrane bursts, in what is called haemolysis.

Both students knew the answer; only the second one explained it, and only the second one scores. That gap,
repeated across a three-hour paper, separates a pass from a distinction. This guide, and every answer that
follows it, exists to put you on the right side of it: from knowing to understanding.

How to Use This Book

This is not a book to read. It is a book to work. A model answer you have only read feels learned and is
forgotten by morning; a model answer you have struggled toward, and then compared against your own, is
learned for good. Work every question in four steps.

1. Cover the model answer. Read the question, then answer it in full on paper, in proper sentences,
before you look at anything.

2. Uncover and compare. Read the model answer twice, once for the biology and once for the English.
Did you get the mechanism? Did you connect it the way the model does?

3. Mark yourself honestly. Award yourself a point only where your answer truly made the same point.
A near miss is a miss.

4. Fix one thing, then move on. Correct your single biggest error in your own words, and carry that
lesson into the next question.
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Climb the ladder, and do not skip the bottom rung. The questions rise through three tiers. BINDER
builds the core mechanism, REAL applies it to real Tanzanian situations in health, farming and the
environment, and HOT pushes into higher-order reasoning across topics. A student who jumps to HOT
before owning BINDER is trying to enter a house through the top window. Work each chapter in order.

Treat the examination papers as real examinations. The papers at the end of this book are not extra
questions. Sit each one in a quiet room, against the clock, with the book closed, then mark it against the
solutions. That is the closest rehearsal for the real day you can get.

How to Write Biology for Marks

Marks in Biology are not awarded for knowing. They are awarded for showing that you know, in writing,
in the right order. Two habits carry most of those marks.

Lead with the point, then explain it. State the thing the question asks for first, in a few words, then give
the reasoning behind it. The examiner is trained to find the point, tick it, and read on for the explanation
that earns the rest. Bury the point at the end of a long sentence and you force a tired examiner to hunt for
it, and a point that cannot be found cannot be marked.

Join your ideas with the words that carry cause and effect. A NECTA answer is a chain in which one
event causes the next. The words that build that chain are because, so, as a result, which in turn,
consequently, and whereby. Use them on purpose. They are the whole difference between a list of true
statements and an explanation.

One example shows both habits at work.
The same biology, written two ways.

The question. Explain how a population of insects becomes resistant to an insecticide.

The common answer that fails (low marks). The insects got used to the insecticide, so over time their
bodies adapted to survive it. (This is the usual mistake: it imagines the insects changed because they
needed to.)

The same biology as a chain (full marks). Within the population there is variation, and a few insects
already carry an allele for resistance. When the insecticide is sprayed it kills the susceptible insects,
whereas the resistant ones survive. Because these survivors breed and pass the resistance allele to their
offspring, the proportion of resistant insects rises with each generation, and so the whole population
becomes resistant.

Notice that the second answer adds no new facts. It only connects the ones already there, in the right order.
That connecting is the skill this whole book is teaching you, answer after answer.

How to Draw Biology for Marks

Diagrams carry marks that most students give away. A drawing is not decoration; it is an answer made of
lines, and it is marked as strictly as a sentence.

Get the proportions right before anything else. A nucleus that fills half the cell, or one heart chamber
drawn larger than the rest, loses marks before a single label is read. Look first, then draw what is actually
there.

Use single, clean lines. One firm line, not a furry sketch built from many short strokes. Keep a sharp pencil,
and use a ruler wherever the structure is straight.

Rule your label lines, and never let them cross. Each label line is straight, drawn with a ruler, and touches
the exact structure it names. Crossing or wandering label lines confuse the examiner and cost marks.

Label only the parts that carry marks. Do not decorate the drawing with every detail you know. Label
the structures the question is about, using the correct biological term, and underline any scientific name,
since underlining is the handwritten form of italics. Underline the two parts of the name separately, the
genus and the species each on its own, for example Zea mays.
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Show the scale or magnification when one is given. If a question provides a measurement or
magnification, show it, and for cells and organelles add a labelled scale bar. A few diagrams return again
and again in NECTA at this level, among them the transverse section of a dicot stem, the internal structure
of the heart, a stage of meiosis and the DNA molecule. Practise each until you can draw it cleanly from
memory in two minutes.

How to Fail Productively

You will get questions wrong. Every strong student does. What decides your grade is the five minutes after
you get one wrong.

The unproductive response is to erase your attempt, read the model answer, nod, and move on. Your page
looks complete and your memory has learned nothing, because you only watched someone else answer.

The productive response is to stop, and not erase. Set your answer beside the model and find the exact
point where they part. Then name the cause: was it the biology, because you did not understand the
mechanism; the English, because you understood it but could not connect it; or the question, because you
answered what you expected instead of what was asked? Fix that one thing, cover the model again, and
rewrite the answer from the start.

Those three causes need three different cures, and naming yours is half the cure. A wrong answer you have
diagnosed is worth more than a right answer you copied.

How to Revise on Your Own

Most revision feels productive and is not. Be honest about which kind you are doing. Re-reading model
answers, highlighting them, and copying them out neatly all feel like work, but your eyes move while your
memory rests. A beautiful notebook is not understanding. These methods are.

Sit the examination papers under the clock. The papers at the back of this book are your single best
revision tool. Do one in a quiet room, timed, with the book closed, then mark it against the solutions.
Nothing else rehearses the real pressure.

Explain a mechanism out loud, as if to someone who knows nothing. Where you stumble is precisely
what you have not understood yet. The silence is the lesson.

Teach a friend, and let them ask why. The moment you cannot answer their question is your revision
target for the evening.

Redo the questions you got wrong, not the ones you got right. Return after a week to the answers you
missed and do them again from a blank page.

Revise your weakest topic first, not your favourite. The topic you enjoy is the one you already know;
the topic you avoid is the one the paper will ask.

How to Face NECTA

The examination does not test how clever you are. It tests whether you can show what you know, clearly,
under pressure, in a fixed time. That is a skill, and skills can be practised.

Read every question twice before you write. Most lost marks come from answering the question you
expected instead of the one on the paper. The second reading catches the word the first reading missed.

Obey the command word. Each command word asks for a particular kind of answer, and giving the wrong
kind loses marks even when your biology is correct.
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Command word

What it asks for

State, Name, List

Give the fact or item only, briefly, with no explanation.

Define, What is meant by

Give the exact, formal meaning of the term.

Outline

Give the main points or steps only, without the detail.

Describe Give an orderly account of what is seen or what happens, step by
step, with no reasons.
Explain Give the reason why. Every explain answer needs a because.

Account for

Explain why an observation or result happens the way it does.

Suggest Apply what you know to an unfamiliar case; a sensible, reasoned
answer is rewarded even where more than one is possible.
Compare Give similarities and differences together, point against point.

Distinguish, Differentiate

Give the differences directly, side by side, not two separate
descriptions.

Discuss

Weigh more than one side: reasons for and against, advantages and
disadvantages.

With the aid of a labelled
diagram

A diagram is compulsory and carries marks; an answer without one
is capped.

Calculate

Work out the number, showing each step and its unit, as in water
potential and the Hardy-Weinberg equation.

Show your reasoning, not just the conclusion. A bare conclusion scores little; the marks live in the steps
between the question and the answer. Write the chain.

In data questions, read the axes, quote the figures, then explain. First state what the graph or table
shows, using actual values with their units, then explain why it happens. Describing and explaining are two
separate sets of marks.

Check that a calculated answer is sensible. An allele frequency must lie between 0 and 1, and a cell's
water potential is normally negative or zero. An answer outside the expected range is a signal to recheck,
and saying so earns credit for biological awareness.

Watch the clock, and leave nothing blank. Marks are easiest to win at the start of an answer and hardest
at the end, so a question half answered is worth more than a question never reached. Spend your time by
the marks, not by your interest.

The night before, do not cram. Your brain files what you have learned while you sleep. A calm student
who rests well outperforms a tired one who revised until midnight. Rest is part of the preparation.

You now carry what the strongest students bring into the hall and most never receive: a way to use this
book that turns reading into practice, the language to write biology that scores, the technique to draw it for
full marks, an honest method of revision, and a clear plan for the examination itself. Turn the page, cover
the first model answer, and begin. The biology is waiting, and it is better than its reputation.

Vi
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PART ONE

TOPICAL QUESTIONS AND ANSWERS
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Chapter 1
TRANSPORTATION IN PLANTS

BINDER QUESTIONS

Work through each question in order: attempt it on paper, then check the model answer beneath. Every
answer leads with the mark-bearing point in bold, and a False Confidence Alert names the mistake that
most often costs marks on that question.

Question 1

A maize plant in a shamba is many thousands of cells thick and grows taller than the farmer, yet every one
of its cells needs water, mineral salts and food. Explain why such a plant cannot depend on diffusion alone
to supply its cells.

Model Answer

Diffusion alone cannot supply a large plant because it is effective only over very short distances, so
the plant must have a transport system. Diffusion moves substances quickly only across a gap as small
as a single cell. In a maize plant the journey from the roots in the soil to the leaves at the top is measured
in metres, and a molecule would take far too long to diffuse over such a distance to keep the cells alive.
Because the body is also many cells thick, the cells deep inside are cut off from direct contact with
the soil and the air. For these reasons the plant needs a dedicated transport system to carry water and
mineral salts up from the roots and to carry manufactured food from the leaves to every other part.

False Confidence Alert
Most students answer that the plant simply uses diffusion and osmosis, and stop there. That loses the
marks: the point is that diffusion acts only over very short distances, so a tall, many-celled plant must
have a transport system.

Question 2

The vascular system of a flowering plant is built from two transporting tissues. Name the two tissues and
explain how the work of transport is divided between them.

Model Answer

The vascular system is the transport network of the plant, and its work is shared between two tissues,
the xylem and the phloem.

The xylem carries water and dissolved mineral salts in one direction only, upward from the roots to
the stem and leaves; it forms a continuous system of tubes reaching from the root right up into the leaf.
The phloem carries manufactured food, mainly sugar, away from the leaves to wherever it is used or
stored, and it can move this food in both directions, upward and downward. In this way the upward water
stream and the two-way food stream are kept in separate tissues, each suited to its own task.

False Confidence Alert
The commonest mistake is to swap the tissues, saying the phloem carries water and the xylem carries
food. The marks are for the correct pairing, so a reversed answer scores nothing.

Question 3

A student asks why a plant needs two different conducting tissues instead of one single all-purpose pipe.
Give a reasoned answer.

Model Answer

Two tissues are needed because the plant has two different loads to move in two different directions,
and each tissue is built for its own load.

Ngaiza Books App H 2
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Water and mineral salts must travel upward only, from the soil to the leaves, and the xylem is built
for this: its cells are dead, empty and strengthened with lignin, forming hollow tubes that offer little
resistance to a one-way stream of water. Manufactured food must travel from the leaves to many
destinations, both upward and downward, and the phloem is built for this: its sieve tubes are living
and are kept working by companion cells, so they can load and unload sugar and move it either way. A
single pipe could not be both a dead hollow tube and a living, controlled one, so the work is split between
two tissues.

False Confidence Alert

Many students answer only that one tissue carries water and the other food, and stop. The question asks
why two are needed, so the marks come from linking each load and its direction to the matching
structure.

Question 4

Xylem runs as an unbroken system of tubes from the root, up the stem and into every leaf. State the two
functions this tissue performs, and explain how its continuous, lignified form suits each of them.

Model Answer

Xylem has two functions: it conducts water and dissolved mineral salts, and it gives the plant
mechanical support. Each function is matched by a feature of its form.

The continuous column suits conduction: the cells are dead and joined end to end into unbroken tubes
running from root to leaf, so water drawn out at the top is replaced from below without a break. The
lignified wall suits support: the walls are thickened and stiffened with lignin, so the tubes resist the inward
pull of the water under tension and also hold the stem upright.

False Confidence Alert
Most students give only the conducting role and forget that xylem also supports the plant. That loses
half the marks, because the same lignified walls that carry the water also hold the stem up.

Question 5

Xylem is not a single kind of cell. Name the four kinds of cell that build it and give the job of each.
Model Answer

Xylem is a compound tissue built from four kinds of cell, two that conduct and two with other roles:

1) Vessel elements: wide, dead, hollow cells joined end to end through perforation plates to form the
main water-conducting tubes.

2) Tracheids: narrower dead cells with tapering, imperforate ends, through whose pits water passes; they
conduct water and add support.

3) Xylem fibres: long, narrow, thick-walled dead cells that give the tissue extra mechanical strength.

4) Xylem parenchyma: the only living cells, which store food such as starch and move water sideways
over short distances.

False Confidence Alert
Many name only the vessels and tracheids and leave out the fibres and the parenchyma, or wrongly call
the parenchyma dead. The marks are for all four cell types, and the parenchyma must be named as the
living, food-storing cell.

Question 6

Three features of the xylem wall are the lignified thickening, the pits and the perforation plates. Explain
how each one fits the work the xylem does.

Ngaiza Books App H 3
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Model Answer
Each wall feature is matched to a task the xylem must perform:

1) Lignified thickening: the lignin stiffens the wall so the tube does not collapse under the tension of the
rising water, and it supports the plant.

2) Pits: these thin gaps, where there is no lignin, let water pass sideways from one element to the next
and out to neighbouring cells.

3) Perforation plates: the open end walls between vessel elements join them into a continuous pipe, so
water flows straight up with little resistance.

False Confidence Alert

A common mistake is to swap the pits and the perforation plates, saying that water rises up the plant
through the pits. Pits let water cross sideways between cells, whereas the perforation plates are the open
end walls that join vessels into a vertical pipe.

Question 7

The two conducting cells of the xylem are easy to tell apart once they are drawn. Draw a large, clearly
labelled diagram of xylem tissue showing a vessel element and a tracheid, with the perforation plate, the
pits and the primary and secondary cell walls labelled, then state which feature lets the vessel carry water
more freely than the tracheid.

Model Answer
The labelled structure of xylem is shown below.

Vessel element Tracheid

Tapering, imperforate end
Primary cell wall ~ (

Lignified secondary wall —] |

Lumen —=—" —

(dead, empty cell) L1 — Pits (water passes

cell to cell)

AN

Perforation plate -

l . .
Bordered pit —T] @
Xylem parenchyma cell

(living; stores starch)

Figure 1.2: The structure of xylem - a vessel element, a tracheid and a xylem parenchyma cell.

The perforation plates are the feature that lets the vessel carry water more freely: they join the vessel
elements end to end into an open, continuous pipe, whereas the tracheid has no perforations and water must
pass more slowly through its pits.

False Confidence Alert

The commonest error is to draw the vessel with closed end walls and no perforation plate, so it looks
just like a tracheid. Draw the vessel as a wide, open-ended tube and the tracheid as narrow with tapering,
imperforate ends, because that contrast is what earns the marks.

Ngaiza Books App H 4
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Question 8

Both tracheids and vessel elements carry water, yet a vessel carries it more freely. Compare the two cells
and explain why the vessel is the better conductor.

Model Answer

A vessel conducts water more freely than a tracheid because its end walls are perforated, while those
of a tracheid are not. Vessel elements are wide and joined end to end through open perforation plates into
continuous tubes, so water flows straight up with little resistance. A tracheid is narrower and its end walls
are tapering and imperforate, so water must pass from one tracheid to the next through the side pits, which
slows it. Both cells are dead and lignified at maturity, but the open vessel offers the easier path.

False Confidence Alert

Students often write that tracheids also have perforation plates, which removes the very difference being
tested. Only vessels have perforated end walls; a tracheid is imperforate, so water must cross through its
pits.

Question 9

A student claims that water travels up the xylem and not the phloem. Describe the evidence from simple
experiments that supports this claim, and say what each experiment shows.

Model Answer
Several simple experiments show that it is the xylem, not the phloem, that carries water:

1) The dye test: a leafy shoot stood in red eosin takes up the dye, and when the stem is later cut across
only the xylem is stained, showing water moved there.

2) Ringing the bark: removing the outer bark with its phloem does not stop water reaching the leaves,
but cutting into the xylem makes the leaves wilt, showing the water path is the xylem.

3) The poison test: a metabolic poison such as cyanide does not stop the flow, showing that transport
through the dead xylem is passive and not driven by living cells.

4) Blocking the tubes: when the lumen of the vessels and tracheids is blocked with fat, water uptake
stops and the plant wilts, confirming the xylem is the route.

False Confidence Alert
Many students describe each experiment but never say what it proves, and the mark is for the conclusion.
End each piece of evidence by stating plainly that it shows water travels in the xylem.

Question 10

The xylem is the tissue responsible for transporting water and dissolved mineral salts through a plant.
Explain how the xylem is adapted to carry water and dissolved mineral salts efficiently from the roots to
the leaves.

Model Answer
The xylem is well adapted to raise water in several ways:

1) Continuous tubes: vessel elements join end to end through perforation plates, giving an unbroken
column from root to leaf.

2) Narrow lumen: the fine bore helps water rise by capillarity and keeps the water column from breaking.

3) Dead, empty cells: with no cytoplasm or cross walls in the way, the tubes offer little resistance to the
flow.

4) Lignified walls: the stiff walls stop the tubes collapsing under tension and hold the plant up.

5) Pits in the side walls: these let water move sideways between elements and out to the surrounding
living cells.
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False Confidence Alert

A bare list of features with no link to function scores poorly, and borrowing the phloem's living, energy-
using features loses marks outright. Tie each feature to how it helps water rise, and remember the xylem
is dead and works without energy.

Question 11

Phloem is the living tissue that carries the food a plant makes. Name the four kinds of cell that build it and
give the job of each.

Model Answer
Phloem is a living tissue built from four kinds of cell:

1) Sieve tube members: living but enucleate cells joined end to end through sieve plates to form the tubes
that carry the food.

2) Companion cells: small cells packed with cytoplasm, a nucleus and many mitochondria, which keep
the sieve tube members alive and load sugar into them.

3) Phloem parenchyma: living cells that store food and help move materials sideways over short
distances.

4) Phloem fibres: dead, thick-walled cells that give the tissue mechanical strength.

False Confidence Alert
Many students call the phloem dead like the xylem, or leave out the companion cells. The phloem is
living, and all four cell types carry marks, the companion cells most of all.

Question 12
Describe how a sieve tube member is built, and explain how its structure suits the rapid movement of food.
Model Answer

A sieve tube member is a living tube with very little inside it and open sieve plates at its ends, and
both features speed the flow of food. At maturity it loses its nucleus and most of its organelles, leaving a
clear lumen through which the phloem sap meets little resistance. Its end walls become sieve plates whose
pores, widened from plasmodesmata, open one cell into the next, so the sap streams straight from member
to member. A thin layer of cytoplasm lines the cellulose wall, and the cell is kept alive and working by its
companion cell.

False Confidence Alert
A common mistake is to say the sieve tube member keeps its nucleus, or that it is dead like a xylem
vessel. It is living but loses its nucleus and most organelles at maturity, and it is joined by open sieve
plates, not by perforation plates.

Question 13

Flowering plants and the cone-bearing plants conduct food in slightly different cells. Distinguish a sieve
tube member from a sieve cell.

Model Answer
The two differ in their pores, their helper cells and their efficiency:

1) Pores: asieve tube member, found in flowering plants, has true sieve plates with large pores on its end
walls, whereas a sieve cell, found in conifers, has only narrow sieve areas on its side walls.

2) Helper cell: each sieve tube member is served by a companion cell, whereas a sieve cell is served
instead by an albuminous cell.

3) Efficiency: the sieve tube member is wider, more advanced and conducts food faster, whereas the sieve
cell is narrower, more primitive and conducts more slowly.
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False Confidence Alert
Students often treat sieve cells and sieve tube members as the same thing. The mark is for the contrast:
sieve plates and companion cells in flowering plants against sieve areas and albuminous cells in conifers.

Question 14

A sieve tube member has no nucleus, yet it stays alive and keeps moving food. Explain how the companion
cell makes this possible.

Model Answer

The companion cell is the life-support of the sieve tube member: it keeps the enucleate tube alive and
powers the loading of sugar. It has a nucleus that controls both its own activities and those of the sieve
tube member, which has lost its own. It is packed with mitochondria that release the ATP needed to load
sugar into the sieve tube by active transport. The two cells are joined by many plasmodesmata, so materials
and signals pass freely between them.

False Confidence Alert
The usual error is to say that the companion cell carries the food itself. It does not conduct the sap; it
keeps the sieve tube member alive and supplies the ATP that loads sugar into it.

Question 15

The sieve tube member cannot keep itself alive, so a companion cell works closely beside it. Draw a large,
clearly labelled diagram of a sieve tube member and its companion cell, with the sieve plate, the companion
cell nucleus, the mitochondria and the plasmodesmata labelled, then state what the companion cell does
for the sieve tube member.

Model Answer

The labelled sieve tube member and companion cell are shown below.

Sieve tu b[: member

Plasmodesmata

Cellulose cell wall ~J (link the two cells)

o S |__— Companion cell

Q\“\ Nucleus

Peripheral cytoplasm
(no nucleus at maturity)

i

Lumen with phloem sap — & « @&1— Many mitochondria

(few organelles) . (supply ATP for loading)

N
y )

Sieve plate 7 |1

Sieve pore

Figure 1.3: A sieve tube member and its companion cell.
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The companion cell keeps the sieve tube member alive and loads sugar into it: its many mitochondria
supply the ATP for loading, and materials pass between the two cells through the plasmodesmata.

False Confidence Alert

The commonest error is to draw a nucleus inside the sieve tube member, which has none at maturity.
Show the nucleus only in the companion cell, and include the sieve plate with its pores and the
plasmodesmata joining the two cells, because those carry the marks.

Question 16

The movement of food through a plant has been investigated using a number of experiments. Describe the
evidence from experiments that shows the phloem carries the food made in the leaves, and say what each
piece of evidence shows.

Model Answer
Several experiments show that organic food travels in the phloem:

1) The aphid stylet: when a feeding aphid is anaesthetised and cut from its mouthpart, sugary sap flows
out of the stylet left in the phloem, showing the phloem is full of food under pressure.

2) Ringing the bark: removing a ring of bark with its phloem makes sugar pile up just above the ring,
showing food moves down through the phloem.

3) The radioactive tracer: when a leaf is given carbon dioxide made with radioactive carbon-14, the
label later appears in the phloem, showing the food made in the leaf is carried there.

4) Day against night: the sugar in the phloem is higher by day, when photosynthesis is making food, than
at night, showing the phloem carries the products of photosynthesis.

False Confidence Alert

Many students describe each experiment but never state what it proves, and the mark is for the

conclusion. End each piece of evidence by saying plainly that it shows food travels in the phloem.
Question 17

The phloem forms part of the plant's transport system and is responsible for the movement of organic
nutrients. Explain how the phloem is adapted to carry food from the leaves to the rest of the plant.

Model Answer
The phloem is well adapted to translocate food in several ways:

1) Continuous sieve tubes: the sieve tube members join end to end into long tubes through which the sap
can flow.

2) Open sieve plates: their pores open one member into the next, giving the sap a path of low resistance.
3) Little cell content: the loss of the nucleus and most organelles clears the lumen for easy flow.

4) Companion cells: their mitochondria supply the ATP that loads sugar into the tubes and keeps them
working.

5) Plasmodesmata: these link companion cell to sieve tube so that sugar can be loaded and unloaded.

False Confidence Alert
A frequent mistake is to give the xylem's features, such as lignin and dead empty cells, for the phloem.
The phloem is living and uses energy, so tie each feature to the loading and the flow of food.

Question 18

A stem cut across shows at once whether it came from a monocot or a dicot. Draw the arrangement of the
vascular tissue seen in a transverse section of a young dicotyledonous stem, labelling the xylem, cambium
and phloem in one bundle. Then state how the arrangement differs in a monocotyledonous stem.
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Model Answer

In a dicot stem the vascular bundles are set in a ring, each with phloem to the outside, xylem to the
inside and cambium between, as shown in the following figure.

One vascular bundle

Cambium
Phloem (outer)
Xylem (inner)

&

e O

Dicot stem (bundles in a ring)

Scattered vascular bundles

Epidermis

QY

Cortex

&
B

No cambium
(xylem and phloem
touch directly)

Monocot stem (bundles scattered)

Figure 1.4: Vascular bundles in a dicot stem (set in a ring) and in a monocot stem (scattered).

How the monocot differs: in a monocot stem the bundles are scattered throughout the ground tissue
instead of forming a ring, and they have no cambium, so a monocot stem cannot grow in thickness as a
dicot stem can.

False Confidence Alert

The commonest error is to scatter the bundles in the dicot, or to leave out the cambium between the
xylem and phloem. Draw them in a neat ring with phloem outside, xylem inside and cambium between,
because that arrangement is what earns the mark.

Question 19

Plants rely on both passive and active mechanisms to move substances into and out of their cells. What is
meant by passive transport and by active transport? Give the key idea of each, with a plant example.

Model Answer

Passive transport is the movement of substances down their concentration gradient, without the cell
spending any energy. For example, oxygen and carbon dioxide diffuse freely across a plant cell membrane
from where they are more concentrated to where they are less.

Active transport is the movement of substances against their concentration gradient, which the cell
pays for with energy from ATP. For example, a root cell takes up nitrate ions from dilute soil into its
more concentrated cytoplasm by active transport.

False Confidence Alert

Many students think that all uptake into a cell must be active, or that osmosis costs energy. Only
movement against the gradient is active; movement down a gradient, osmosis included, is passive and
free.

Question 20

A root cell can take up a mineral ion even when the soil around it is more dilute than the cell. Explain why
this movement needs both energy and a carrier protein.
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Model Answer

The movement needs energy because the ion is being moved against its concentration gradient, which
cannot happen on its own. Diffusion moves substances only down a gradient; to drive the ion the other
way, from the dilute soil into the more concentrated cell, the cell must do work. The work is done by a
carrier protein in the membrane, a pump, which binds the ion and changes shape to carry it across. That
change of shape is driven by energy released from ATP, which the cell makes in respiration.

False Confidence Alert
A common mistake is to say the ion simply diffuses into the cell. It cannot, because it is moving against
its gradient, which is the very reason a carrier protein and energy from ATP are needed.

Question 21

Although both passive and active transport move substances across cell membranes, they operate in
fundamentally different ways. Set out the main differences between passive and active transport, explaining
why each difference holds.

Model Answer
Passive and active transport differ in several linked ways:

1) Energy: passive transport uses none, whereas active transport spends ATP, because only active
transport does work against the gradient.

2) Gradient: passive transport runs down the concentration gradient, whereas active transport runs
against it.

3) Equilibrium: passive transport slows and stops once the two sides are equal, whereas active transport
can hold a difference in place by pumping continuously.

4) Proteins: passive transport may use a channel protein or none, whereas active transport needs a carrier
protein working as a pump.

False Confidence Alert

Students often list the differences but cannot say why each holds, and the marks are for the reason. Tie

every contrast back to the one root difference, that only active transport does work against the gradient.
Question 22

Many of the vital functions of a plant depend on the movement of water between cells and tissues. What is
meant by osmosis, and explain why it is so important in the life of a plant.

Model Answer

Osmosis is the movement of water molecules across a partially permeable membrane, from a region
of higher water potential to a region of lower water potential.

It is important to the plant in several ways:

1) Turgor: water drawn in by osmosis presses the cytoplasm against the cell wall, and this turgor holds
up the leaves and the soft, young stems.

2) Opening the stomata: when the guard cells take in water by osmosis they swell and the pore opens,
letting in carbon dioxide for photosynthesis.

3) Cell-to-cell movement: water passes from cell to cell across the root and through the plant by osmosis,
following the water potential gradient.

False Confidence Alert

The usual error is to define osmosis as water moving from a high to a low concentration, leaving out the
membrane and water potential. Name the partially permeable membrane and say water moves from high
to low water potential, or the definition loses marks.
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Question 23

Plant cells respond differently when placed in solutions of different concentrations because water moves
across their partially permeable membranes. Describe and explain what happens to a plant cell when it is
placed in (a) a dilute solution or pure water, and (b) a concentrated solution.

Model Answer

In a dilute solution the cell takes in water and becomes turgid. The cell sap has a lower water potential
than the dilute solution outside, so water enters by osmosis; the cell swells until the wall pushes back, and
the firm, swollen cell is said to be turgid.

In a concentrated solution the cell loses water and may become plasmolysed. Now the solution outside
has the lower water potential, so water leaves the cell by osmosis; the cell first becomes flaccid, and if
much water is lost the cytoplasm shrinks away from the wall, a state called plasmolysis.

False Confidence Alert

Many students write that a plant cell bursts in pure water, as an animal cell would. The strong cellulose
wall prevents bursting; the cell only becomes turgid, and in a concentrated solution it is flaccid or
plasmolysed, not burst.

Question 24

Osmosis can be demonstrated using a simple model in which two solutions are separated by a partially
permeable membrane. Draw a labelled diagram to model osmosis across a partially permeable membrane.
Show clearly the difference between the two solutions and the direction in which water moves.

Model Answer
The osmosis model is shown below.

Partially permeable membrane

I
Water molecule — ) © o | @ 0 @
| . £ Net movement of water
@ | 4 Z ~ by osmosis
O O O
Solute molecule —_| | ®)
(too large to cross) \@ @ @
O O (@] | I
© o
o o_| ®
_'_>
o o®1 ® o ©
o I o ©
Dilute solution Concentrated solution
(high water potential) (low water potential)

Figure 1.5: A model of osmosis across a partially permeable membrane.

False Confidence Alert
The commonest error is to draw arrows for the solute crossing the membrane, or to point the water the
wrong way. Show only water crossing, from the dilute side to the concentrated side, with the solute

molecules too large to pass.

Question 25

Substances can cross cell membranes by different forms of diffusion. Distinguish simple diffusion from
facilitated diffusion, and explain the part played by membrane proteins.

Ngaiza Books App H 11




Enjoy & Master Advanced Biology Transportation in Plants

Model Answer

Both simple and facilitated diffusion move substances down a concentration gradient without using
energy; they differ in whether a protein is needed to cross the membrane. In simple diffusion, small
or lipid-soluble molecules such as oxygen and carbon dioxide pass straight through the membrane. In
facilitated diffusion, ions and larger water-soluble molecules cannot cross the lipid layer on their own, so
they pass through transport proteins: channel proteins form pores that let particular ions through, while
carrier proteins bind the molecule and change shape to ferry it across. Even so, both move only down the
gradient.

False Confidence Alert
Students often say that facilitated diffusion uses energy because it uses a protein. It does not; it is still
passive and runs down the gradient, the protein only giving a route across the lipid layer.

Question 26

The rate at which substances enter or leave plant cells by diffusion depends on several factors. State and
explain the factors that affect the rate at which a substance diffuses across a plant cell membrane.

Model Answer
Three main factors set the rate of diffusion:

1) The concentration gradient: the steeper the difference between the two sides, the faster the net
diffusion.

2) The surface area: the larger the area of membrane available, the more molecules cross in a given time,
which is why absorbing surfaces are often folded.

3) The distance: the thinner the membrane or the shorter the path, the faster the diffusion, so exchange
surfaces are usually very thin.

False Confidence Alert

A bare list of factors with no direction of effect scores little, and adding energy as a factor is wrong for
diffusion. Say which way each factor changes the rate, and remember that diffusion is passive.

Question 27

Osmosis is sometimes called a special kind of diffusion. Explain how osmosis is like ordinary diffusion
and how it differs.

Model Answer

Osmosis is like diffusion in that both are passive and move particles down a gradient, from high to
low concentration, using no energy. It differs in three ways:

1) What moves: osmosis moves only water, not the dissolved solutes.
2) The membrane: osmosis needs a partially permeable membrane between the two solutions.

3) The gradient: the gradient that matters is the water potential gradient, so water moves from the more
dilute solution to the more concentrated one.

False Confidence Alert

The usual mistake is to say that osmosis carries the dissolved solutes along with the water. Osmosis
moves water only, across a partially permeable membrane, down the water potential gradient.

Question 28

Most water and mineral salts are taken in at the root hair zone. State the functions of the root, then explain
how a root hair is adapted for absorption.
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Model Answer

The root has three functions: it anchors the plant in the soil, it absorbs water and mineral salts, and
in some plants it stores food. The root hair, an outgrowth of an epidermal cell, is well adapted for the
absorbing role:

1) Many and long: each root hair is a long, thin extension of an epidermal cell, and there are very many
of them, giving a large surface area for absorption.

2) Thin wall, no cuticle: the wall is thin and has no cuticle, so water passes in freely.

3) Close to the soil water: the sticky wall grips the soil particles and the film of water around them,
keeping the hair in contact with its supply.

False Confidence Alert

Many students give only absorption and forget that the root also anchors the plant and may store food.
All three functions can earn marks, and the root hair must be described as having no cuticle, not a thick
covering.

Question 29

The root hair is shaped above all for taking in water. Draw a large, labelled diagram of a root hair cell as it
absorbs water from the soil, including the cell wall, the cell surface membrane, the cytoplasm, the nucleus
and the large vacuole, then state the feature that gives the cell its large surface area.

Model Answer

The labelled root hair cell is shown below.

Soil particle ~ Roo

Cyto;rlasm
(- N
| —— Cellulose cell wall
Nucleus ——___®
Il —— Cell surface membrane
I Large vacuole (cell sap)
\>- P,

Film of water around the hair

Figure 1.6: A root hair cell absorbing water from the soil.

The long, narrow shape of the root hair is the feature that gives the cell its large surface area, over
which it absorbs water and dissolved mineral salts from the film of water around the soil particles.

False Confidence Alert

The commonest error is to draw the root hair short and stubby, or to give it a cuticle. Draw it as a long,
thin extension with a thin wall and no cuticle, because that large, bare surface is the whole point of the
cell.

Question 30

Across the root, water travels from the root hairs to the xylem by three pathways. Name them and explain
how water moves in each.

Model Answer
Water crosses the root by three pathways:
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1) The apoplast pathway: water moves through the cell walls and the spaces between cells, without
entering any cytoplasm.

2) The symplast pathway: water moves through the cytoplasm of the cells, passing from one cell to the
next through the plasmodesmata.

3) The vacuolar pathway: water moves from vacuole to vacuole, crossing the cell membranes and
tonoplasts by osmosis.

False Confidence Alert
Students often confuse the apoplast and the symplast. The apoplast is the route through the cell walls,
whereas the symplast is the route through the living cytoplasm and the plasmodesmata.

Question 31

The three pathways across the root do not all carry the same amount of water. Explain why the apoplast
carries the most and the vacuolar pathway the least.

Model Answer

The apoplast carries the most water because it offers the least resistance, while the vacuolar carries
the least because it offers the most. In the apoplast, water soaks through the open network of cellulose
walls and spaces without crossing a single membrane, so it flows freely and in large amounts. In the
vacuolar pathway, water must cross the cell membrane and the tonoplast at every cell by osmosis, and these
membranes resist the flow, so little water takes this route. The symplast lies between the two in the amount
it carries.

False Confidence Alert

A common mistake is to say the three pathways carry equal amounts of water. They do not, because the
vacuolar route must cross membranes that resist the flow, while the apoplast crosses none and so carries
the most.

Question 32

Water crossing the root can take three routes, but only one of them is stopped at the endodermis. Draw a
diagram of a section across the root to show the apoplast, symplast and vacuolar pathways, and mark where
the Casparian strip acts.

Model Answer

The three pathways across the root are shown below.

Cas7r'an strip

Key

—— Apoplast
- ——- Symplast

------- Vacuolar

Root hair /
epidermis

Endodermis Xylem

Apoplast water is forced
into the symplast here

Figure 1.7: The apoplast, symplast and vacuolar pathways across the root.

The Casparian strip stops the water travelling in the apoplast at the endodermis, forcing it into the
symplast so that the cell membrane can choose which salts pass on to the xylem.
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False Confidence Alert

The commonest error is to leave out the Casparian strip, or to let the apoplast run straight through the
endodermis. Show the strip on the endodermis and the apoplast water turning into the symplast there,
because that diversion is the mark.

Question 33

At the endodermis the plant takes control of exactly what is allowed into its xylem. Explain what the
Casparian strip is and the part it plays in the movement of water and salts into the xylem.

Model Answer

The Casparian strip is a waterproof band of suberin in the walls of the endodermal cells, and it forces
water out of the apoplast and into the living cytoplasm. Because suberin will not let water through,
water travelling in the apoplast cannot cross the endodermis through the walls; it is made to enter the
cytoplasm, joining the symplast pathway. This gives the plant control over what reaches the xylem, because
the cell membrane can select which salts pass; the salts are then actively pumped into the xylem, which
lowers its water potential and draws water in after them.

False Confidence Alert

Many students place the Casparian strip in the cortex, or say it stops water altogether. It lies in the
endodermis, and it does not stop water but diverts it from the apoplast into the cytoplasm, giving the cell
control over what reaches the xylem.

Question 34

Water rises from the roots to the top of a tall tree against gravity. Outline the forces that bring about this
ascent of sap.

Model Answer
Several forces act together to raise the water, the ascent of sap:

1) Transpiration pull: water evaporating from the leaves pulls the whole water column up behind it, and
this is the main force.

2) Cohesion and adhesion: water molecules cling to one another and to the xylem walls, holding the
column unbroken so the pull is passed all the way down.

3) Root pressure: osmotic uptake of water at the root pushes the column a little way up the stem from
below.

4) Capillarity: the very narrow xylem tubes draw water up a short way by capillary action.

False Confidence Alert

A frequent mistake is to name only one force, usually root pressure, as raising the sap. The main force
is transpiration pull; root pressure and capillarity only help, and the marks are for the set of forces and
their relative parts.

Question 35

A rope can be pulled from above only while it stays in one piece, and the same is true of a column of water.
Using the cohesion-tension theory, explain how a continuous column of water is pulled up the xylem, and
why the column must not break.

Model Answer

The cohesion-tension theory explains the ascent of sap as a pull from the top acting on an unbroken
column of water that is held together by cohesion. As water evaporates from the leaves during
transpiration, it lowers the water potential there and sets up a tension, a pull, at the top of the xylem. Because
water molecules are cohesive and cling to one another, this pull is passed down the whole column, drawing
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water up from the roots. The column must stay unbroken: if an air bubble breaks it, the cohesion is lost and
that vessel can no longer lift water.

False Confidence Alert
Students often write that water is pushed up from the roots. In the cohesion-tension theory the water is
pulled from the top, and the pull works only because cohesion holds the column unbroken.

Question 36

On a still night, drops of water gather at the edges of some leaves. Explain what root pressure is, give one
piece of evidence for it, and state why it cannot be the main force raising water in a tall tree.

Model Answer

Root pressure is a push from below, set up when salts are actively pumped into the xylem of the root,
lowering its water potential so that water follows by osmosis and is forced up the stem. The evidence
for it is guttation: at night, when transpiration is low, drops of water are pushed out at the leaf margins
through hydathodes by root pressure. However, root pressure is weak and can lift water only a short way,
S0 it cannot raise water to the top of a tall tree; the main force there is transpiration pull.

False Confidence Alert
The usual mistake is to call root pressure the main force lifting water up a tall tree. It is weak and reaches
only a short way, and it is shown by guttation at night, whereas the main force is transpiration pull.

Question 37

The tallest trees lift water higher than any village pump could manage. Explain why transpiration pull alone
is able to raise water to the very top of a tall tree.

Model Answer

Transpiration pull can raise water to the top of the tallest tree because the constant evaporation at
the leaves keeps up a steady tension on an unbroken, cohesive column of water. So long as the sun
drives evaporation from the leaves, water keeps leaving the top of the xylem, and the cohesive column is
drawn up behind it without a break. Because the pull comes from the top and is passed down the whole
column, it does not weaken with height, so it works whatever the height of the tree. Root pressure and
capillarity only assist it.

False Confidence Alert

Students sometimes think a taller tree needs ever more root pressure to push the water higher. It does
not, because transpiration pull comes from the top and is passed down an unbroken column, so it works
to any height.

Question 38

A sugar molecule and a potassium ion both cross the cell membrane, but they do not obey quite the same
rule. Explain why an uncharged solute moves on its concentration gradient alone, while a charged ion
moves on an electrochemical gradient.

Model Answer

An uncharged solute, such as a sugar, moves only on its concentration gradient because it carries no
electric charge. Having no charge, it is not pushed or pulled by the electrical state of the membrane, so the
one thing that drives it is the difference in its concentration between the two sides, and it moves from where
it is more concentrated to where it is less.

A charged ion, such as potassium, moves on an electrochemical gradient because it feels both its
concentration difference and the electrical charge across the membrane. The membrane normally
carries a charge, and this electrical force adds to or opposes the concentration force, so the ion answers to
the two together; that combined gradient is what we call electrochemical.
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False Confidence Alert

Many students treat an ion just like a sugar, as though only its concentration mattered. An ion also feels
the charge across the membrane, so its movement is set by the electrochemical gradient, not by the
concentration gradient alone.

Question 39

The membrane lets some ions through pores that can open and shut. Explain how an ion channel works,
and why such channels are described as selective.

Model Answer

An ion channel is a protein with a water-filled pore through which ions cross the membrane, and it
is often gated, opening or closing in answer to a signal. When the gate opens, ions pass through the pore
down their gradient; when it shuts, they cannot pass. The gate may open to a change in voltage or to a
particular molecule binding to it, so the cell decides when ions move.

A channel is selective because its pore is built to fit only ions of a certain size and charge. Each kind
of channel admits its own ion and turns the others away, which lets the cell control exactly which ions enter
or leave.

False Confidence Alert
A common error is to say the channel pumps the ions across. A channel only opens a passive route, SO
the ions move down their own gradient through it and no energy is used.

Question 40

Some substances are too large or too particular to slip through a channel, so a carrier protein ferries them
instead. Explain how a carrier protein moves a solute across the membrane, and how it differs from a
channel.

Model Answer

A carrier protein moves a solute by binding it on one side of the membrane and then changing shape
to release it on the other side. The solute fits a particular site on the carrier; the carrier flexes, taking the
solute through, then returns to its first shape to pick up another. This binding and flexing works much like
an enzyme handling its substrate.

A carrier differs from a channel in being slower but able to handle a wider range of solutes, and in
being able to work either passively or actively. A channel is an open pore that lets ions rush through
down their gradient, whereas a carrier handles one solute at a time and, when it uses energy, can even move
a solute against its gradient.

False Confidence Alert

Students often say a carrier protein always uses energy. It does not, for carrier transport is passive when
it runs down the gradient, as facilitated diffusion, and active only when it pumps a solute against the
gradient.

Question 41

The sodium-potassium pump is the best known of the membrane pumps, and it never stops working in a
living cell. Draw a large, labelled diagram of the sodium-potassium pump in the cell membrane, then state
how it uses ATP to move the two kinds of ion.
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Model Answer

The labelled sodium-potassium pump is shown below.

Extracellular space (outside the cell)

© e

3 Na+ pumped out
(against the gradient)

e P00 (T FOEIED ...
AL | B

2 K+ di
Energy from ATP i% pumpedin

ADP + Pi

Y
® ® @
Cytoplasm (inside the cell)
Figure 1.8: The sodium-potassium pump in the cell membrane.

The pump uses the energy from ATP to drive the ions against their gradients: as one molecule of ATP
is split into ADP and phosphate, the carrier protein changes shape and forces three sodium ions out of the
cell and two potassium ions in.

False Confidence Alert

The commonest error is to draw the ions moving down their gradients, as if no energy were needed.
Show three sodium ions driven out and two potassium ions in, against their gradients, powered by the
splitting of ATP.

Question 42

Not every pump leaves the membrane in the same electrical state once it has worked. Distinguish an
electroneutral pump from an electrogenic pump, giving an example of each.

Model Answer
The two kinds of pump differ in whether they change the net charge across the membrane:

1) Electroneutral pump: it moves an equal amount of charge in each direction, so the membrane is left
with no net change of charge; the H+/K+-ATPase, which pumps one H+ out for each K+ taken in, is
an example.

2) Electrogenic pump: it moves unequal amounts of charge, so it leaves a net charge across the
membrane; the Na+/K+-ATPase, pumping three Na+ out for every two K+ in, is an example, as is the
H+-ATPase.

False Confidence Alert

Students often confuse the two pumps. The mark is in the net charge: an electroneutral pump leaves
none, as the H+/K+-ATPase does, while an electrogenic pump leaves a net charge, as the Na+/K+-
ATPase does.

Question 43

Most of the water a plant takes up never stays in it, but escapes into the air. Explain what transpiration is
and the routes by which a plant loses its water vapour.
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Model Answer

Transpiration is the loss of water vapour from a plant, chiefly by evaporation from the leaves into
the drier air outside. It leaves the plant by three routes:

1) Through the stomata: about nine-tenths of the water lost passes out as vapour through the open
stomatal pores.

2) Through the cuticle: a small amount, about one-tenth, evaporates straight through the waxy cuticle of
the leaf.

3) Through the lenticels: a tiny amount escapes through the lenticels, the small openings in the bark of
stems.

False Confidence Alert
A common mistake is to call any loss of water transpiration, including the liquid drops of guttation.
Transpiration is the loss of water as vapour, and by far the greatest part of it goes through the stomata.

Question 44

When the guard cells fill with water the pore between them opens, even though both cells swell. Explain
how the change in turgor of the guard cells opens and closes the stoma.

Model Answer

The stoma opens because the two guard cells become turgid and bow apart, and it closes when they
lose water and slacken together. When water enters the guard cells by osmosis they swell; but because
the inner wall, next to the pore, is thicker and less stretchy than the thin outer wall, the outer wall lengthens
more and the cell curves into a kidney shape. The two cells therefore bow away from each other and the
pore between them opens. When the guard cells lose water and become flaccid they straighten, come
together, and the pore closes.

False Confidence Alert

The usual error is to forget the unequal walls and argue that swelling should close the pore. It is the thin
outer wall stretching more than the thick inner wall that curves each guard cell, so the cells bow apart
and the pore opens.

Question 45

Scientists have explained the opening of stomata in two different ways, and the later explanation is now
preferred. Compare the starch-sugar hypothesis with the potassium-ion hypothesis, and say why the
potassium-ion hypothesis is favoured.

Model Answer

The starch-sugar hypothesis says the guard cells open the pore by turning starch into sugar, while
the potassium-ion hypothesis says they do it by pumping in potassium ions. In the first, sugar made in
daylight lowers the water potential of the guard cells, so water enters them by osmosis; in the second,
potassium ions, together with chloride ions, are actively pumped into the guard cells in the light, and this
lowers the water potential so that water enters.

The potassium-ion hypothesis is favoured because it fits the evidence that the older one cannot.
Experiments show that stomata can open even when there is far too little sugar to draw in the water, and
that potassium builds up in the guard cells as they open; the slow change of starch to sugar is also too
sluggish to move water as fast as the stomata are seen to respond.

False Confidence Alert

Students sometimes give the starch-sugar hypothesis as the accepted explanation. It has been set aside
because the sugar made is too little and too slow, while the potassium-ion hypothesis, backed by the
measured build-up of potassium, is the one now favoured.
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Question 46

A stoma looks quite different when it is open and when it is shut. Draw labelled diagrams of a pair of guard
cells with the stoma open and with it closed, and mark the thickened inner wall that makes the opening
possible.

Model Answer
The open and the closed stoma are shown below.

Thickened inner wall Stoma (the open pore) Stoma,closed

Guard cell
/ o o
Thin outer wall
Chloroplast
O O Flaccid guard cells
o (e}
Nucleus
(a) Stoma open (b) Stoma closed
(guard cells turgid) (guard cells flaccid)

Figure 1.9: A pair of guard cells with the stoma (a) open and (b) closed.

The thickened inner wall is the key to the opening: because it is far less stretchy than the thin outer wall,
the turgid guard cell curves away from the pore, so the open stoma shows the cells bowed apart while the
closed stoma shows them straight and together.

False Confidence Alert

The commonest error is to draw the guard-cell walls the same thickness all round. Show the inner wall,
next to the pore, clearly thicker than the outer wall, because that difference is what makes the cells bow
apart when they swell.

Question 47

The rate at which a plant transpires rises and falls with the weather, and depends, too, on the plant itself.
Set out the external and the internal factors that affect the rate of transpiration, saying how each one changes
it.

Model Answer

The factors are of two kinds, those in the surroundings and those in the plant. The external factors
are:

1) Humidity: the drier the air, the steeper the water potential gradient out of the leaf, so the faster the
transpiration.

2) Wind: moving air sweeps away the moist layer at the leaf surface, keeping the gradient steep and
speeding transpiration.

3) Temperature: warmth gives the water molecules more energy and lowers the humidity of the air, so
transpiration rises.

4) Light: light opens the stomata, so transpiration is faster in bright light and slower in the dark.
5) Soil water: when the soil is dry the plant has little water to spare, so transpiration falls.
The internal factors are:

1) Leaf surface area: the larger the leaf area, the more surface there is from which to lose water, so the
faster the transpiration.

2) Thickness of cuticle: a thicker waxy cuticle cuts down the water lost through the leaf surface.
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3) Number and position of stomata: the more stomata there are, and the more exposed they are, the
faster the loss of water.

False Confidence Alert

A bare list that does not say which way each factor pushes the rate scores little, and mixing the plant's
own features with the weather loses the structure. Keep the external and internal factors apart, and say
for each whether it speeds transpiration or slows it.

Question 48

On a cool, still morning some plants carry drops of water at their leaf edges, and this is not the same as the
vapour they breathe out by day. Distinguish guttation from transpiration.

Model Answer
Guttation and transpiration both lose water from the plant, but they differ in several ways:
1) Form of the water: guttation loses liquid water in drops, whereas transpiration loses water as vapour.

2) Route: guttation passes through special pores called hydathodes at the leaf margin, whereas
transpiration goes mainly through the stomata.

3) Driving force: guttation is pushed out from below by root pressure, whereas transpiration is drawn out
by evaporation, the transpiration pull.

4) Time of day: guttation happens at night and early morning when transpiration is low, whereas
transpiration is fastest by day.

5) What the water carries: the drops of guttation contain dissolved salts, whereas the vapour of
transpiration is pure water.

False Confidence Alert
Students often mistake the dew on a leaf for guttation. Dew is water from the air condensing on the cool
leaf, whereas guttation is the plant's own water pushed out through the hydathodes by root pressure.

Question 49

The food a plant makes in its leaves must reach roots, fruits and buds that cannot feed themselves. Explain
what is meant by translocation, using the terms source and sink, and explain why it can run in either
direction, unlike the flow in the xylem.

Model Answer

Translocation is the carrying of manufactured food, mainly sugar, through the phloem from where
it is made or stored to where it is used or stored. The place that supplies the food, such as a
photosynthesising leaf, is called the source, and the place that receives it, such as a growing root or fruit,
is called the sink.

Translocation can run in either direction because a part of the plant may be a source at one time and
a sink at another. In the wet season a storage root gives up its food and acts as a source, sending sugar up
to the new shoots, while in the growing season it receives food and acts as a sink. The xylem, by contrast,
carries water in one direction only, always upward from the roots.

False Confidence Alert
Many students say the phloem always carries food downwards from the leaves. It carries food towards
any sink, upward or downward, because a store can be a source in one season and a sink in another.

Question 50

Although a plant makes glucose in its leaves, it is mostly sucrose that travels in the phloem. Explain why
sucrose, rather than glucose, is the sugar the plant moves about.
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Model Answer

Sucrose is chosen for transport because it is freely soluble, so it is easily carried in the sap, yet
chemically rather inactive, so it is not used up on the way. Being a disaccharide, sucrose dissolves
readily and moves easily in the watery phloem sap; but unlike glucose it does not readily enter the cell's
reactions, so it reaches the sink unchanged. On arrival it is broken down to glucose and fructose, ready to
be used or stored.

False Confidence Alert
A common mistake is to say the plant transports glucose. It is sucrose that moves, because it is soluble
yet unreactive, and it is only changed back to glucose once it reaches the sink.

Question 51

From the green cells where it is made, a sugar molecule must find its way to a root far below. Describe the
path that manufactured food follows from the leaf to a sink.

Model Answer

The food made in the leaf passes from the photosynthesising cells into the phloem, travels along the
sieve tubes, and is unloaded at the sink. Sugar made in the mesophyll cells is first loaded into the
companion cells and then into the sieve tube members, the conducting cells of the phloem. It then moves
along the continuous sieve tubes, through their sieve plates, towards the sink; at the sink, such as a root or
a fruit, the sugar is unloaded from the sieve tubes for use or storage.

False Confidence Alert
Students sometimes route the food through the xylem. The manufactured food travels in the phloem,
along the sieve tubes, from the leaf source to the sink.

Question 52

Several features of the phloem make it well suited to carrying large amounts of food over long distances.
Set out the main features of translocation in the phloem.

Model Answer
The phloem shows several features that fit it for translocation:

1) Large amounts are carried: the quantity of food the plant uses and stores shows that the phloem
moves a great deal of material.

2) Theflow is rapid: food moves through the sieve tubes far faster than it could travel by diffusion alone.
3) The distance is long: in a tall tree the food travels many metres from the leaves down to the roots.

4) Only the young phloem conducts: the newly formed phloem, the metaphloem, does the carrying,
while the older phloem is crushed and stops conducting.

False Confidence Alert
A common error is to say that all the phloem conducts food. Only the young, living phloem, the
metaphloem, carries food; the older phloem is crushed as the stem grows and no longer conducts.

Question 53

The most widely accepted explanation of how food moves in the phloem was put forward by Minch in
1930. Explain how the mass-flow hypothesis accounts for the movement of food from source to sink.

Model Answer

The mass-flow hypothesis explains translocation as a bulk flow of sap driven by a difference in
pressure between the source and the sink. At the source, sugar is actively loaded into the sieve tubes,
which lowers their water potential, so water enters from the nearby xylem by osmosis and raises the
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pressure there. At the sink, sugar is removed from the sieve tubes, so water leaves them and the pressure
falls. Because the source is at high pressure and the sink at low pressure, the sugary sap flows in mass from
source to sink down the pressure gradient.

False Confidence Alert

Students often say the sugar simply diffuses along the phloem. In the mass-flow hypothesis the whole
sap is pushed bodily from source to sink by a pressure difference, set up by the loading of sugar and the
entry of water by osmosis.

Question 54

Muiinch built a working model of two joined osmometers to show how a difference in pressure can drive a
flow. Draw a labelled diagram of Munch's mass-flow model, and state what each of the two containers
represents in the plant.

Model Answer
Minch's mass-flow model is shown below.

Connecting tube: mass flow
of solution (froﬁ source to sink)

B (the sink):
dilute sucrose

A (the source):
concentrated sucrose

Water bath

Semi-permeable membrane

Sugar molecules

Water enters A by psmosis Water returns through the bath

Figure 1.10: Miinch's mass-flow model of translocation.

Container A, holding the concentrated sucrose, represents the source such as a leaf, and container
B, holding the dilute sucrose, represents the sink such as a root: water entering A raises its pressure, so
the solution flows through the tube to B, just as sap flows from source to sink in the plant.

False Confidence Alert

The commonest error is to show the solution flowing from the dilute side to the concentrated side. Show
the mass flow going from the concentrated source (A) to the dilute sink (B), and include the semi-
permeable membranes through which water enters.

Question 55

The mass flow keeps going only because sugar is put into the phloem at one end and taken out at the other.
Explain the loading of sucrose at the source and its unloading at the sink, and why these steps need energy.

Model Answer

At the source, sucrose is actively loaded into the sieve tubes, and this needs energy because the sugar
is moved against its concentration gradient. The companion cells use ATP to pump sucrose from the
leaf cells into the sieve tubes, building a high concentration there; this draws in water by osmosis and
creates the pressure that drives the flow.

N