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- 'ork together in remarkably effective way;, el
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abulary What are the three principal organs c.Jf seed plants»
2rmis e lignin e Is of a seed plant are organized into different tissues, Org,
 slement o [he cells 0 €= The three principal organs of seed plqp, fire s,
ube element « and systems. The organs are linked together by Systems th r%t\
' I h stems, and leaves. The org at
nion cell e parenchyma e s These systems produce, store, and " Tup
| ™ ° . / K
hyma e sclerenchyma the length of the Pk_mt 1 ort and protectjy NSpory
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Notes Roots Roots anchor plants in the %r ound, Iﬁol(#gg Soil in plagq ang
. 2 N WOrK with s :
Map As you read, make preventing erosion. Root systemil 01 eth o 011)1 bacteri, and g,
t map to organize the in mutualistic relationships that help the roo 5 absorb water and i ©
n in this lesson. solved nutrients. Roots transport these_matenals to the rest of the play
store food, and hold plants upright against forces such L

4S Wind apg Taip
Stems Plant stems provide a support system for the
transport system that carries nutrients, and a defeng;
protects the plant against predators and disease. Stemns also Produyce
leaves and reproductive organs such as flowers, Whatever the Size of
stem, its support system must be strong enough to hold Up leaves 4
branches. The stem’s transport system contains tissyes that lift Water
from the roots up to the leaves and carry the products of photosynthe,
sis from the leaves back down to the roots.
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tations that protect against water loss.

Ip conserve water while letting oxygen
d exit the leaf,
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jant Tissue Systems

\Vha' qare fhe primary fUnCﬁQns of 'he M Dermal tissue

{
(# . e systems of seed ?
ain tss 4 plants: ¥ Vascular tissue

\\'i(hin ‘hc. 1‘““%‘_ :gtCll‘]S’ and leaves of plants ™ Ground tissuve
es ,c(i'.lllZCd)ll.\\UC systems, shown ip , r—

;fial'rc 13-1. Plants have three main tissye ,

ems: dermal, vascular, and ground.

11111131 tissue covers a plant almost like skin
overs YOU- Vascular tissue forms a system

S pipelike ce.lls“that help support the plant
and serve as its. bloodstream,” transporting
ater and nutrients. Ground tissue produces
und stores food. Next, you will see how

the cells in these systems compare to one

an()ther-

Dermal Tissue Dermal tissue in young
plants consists of a single layer of cells called
the epidermis (ep uh DUR mis). The outer
surfaces of epidermal cells are often covered
with a thick waxy layer called the cuticle, which

rotects against water loss. Some epidermal
cells have tiny projections known as trichomes
(rry kohmz). Trichomes help protect the leaf
and may give the leaf a fuzzy appearance.
Dermal tissue is the protective outer
covering of a plant.

In older plants, dermal tissue may be

AN

FIGURE 23-1 Principal Organs of Plants
B Cross

These cross sections of the principal organs

many cell layers deep and may be covered of seed plants show that all three organs
with bark. In roots, dermal tissue includes contain dermal tissue, vascular fissue, and Section |
root hair cells that help absorb water. ground tissue. Interpret Visuals Which

tissue type is found in the center of a root?
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. two kinds of vascular tissl.le are xyley,
Vascula'r Tls.sUee and phloem, 2 tissue that carries dissol\'ed,fzh
conductlﬂi ::]S';:g,u‘re 23-2, both ).cylem a.nd phiﬂo@.m Consis; Of];)d' N
slender cells that connect almost like SeCtleEit(; ‘E:t)e. B \zaScUTag.
:i;:tie supports the plant body and transp er and nutrientrs

throughout the plant.
All seed plants have xylem cells calleq rach

Recall from Chapter 22 that tracheids arf\ lotllilg cjnd ?arrow, With 1o, ‘~.
cell walls that help to support the plalIllt. lf ey tma ;l're, trachejg, di\:
leaving only their cell walls. These cell walls con a1‘n ignin, 5 Comy,.

molecule that resists water and gives Woog
much of its strength. Openings in the wal
connect neighboring cells and allow Water
flow from cell to cell. Thinner regiong Oftheo
wall, known as pits, allow water to diffyge fro
tracheids into surrounding ground tissye "
These adaptations allow tracheids to carry
water throughout the plant and distribye j;
to tissues where it is needed.

te
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The

you can se

> Xylem: Ti racheids

» Xylem: Vessel Elements In addition to
tracheids, angiosperms possess a second fory
of xylem tissue known as a vessel element.
Vessel elements are wider than tracheids and
are arranged end to end on top of one another
like a stack of tin cans. After they mature and
die, cell walls at both ends are left with slitlike
openings through which water can move freely.
In some vessel elements, the end walls disap-
pear altogether, producing a continuous tube.

» Phloem: Sieve Tube Elements Unlike xylem
cells, phloem cells are alive at maturity. The
main phloem cells are sieve tube clements,
which are arranged end to end, forming i€
tubes. The end walls of sieve tube clements
have many small holes through which nut™
ents move from cell to cell in a watery stre?
As sieve tube elements mature, they 105¢ t lt‘l:
nuclei and most other organelles. The rt’“"l‘;'
ing organelles hug the inside of the cell Wt
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» Phloem: Sieve Tube E‘lements Unlike
cells, phloem cells are alolve at maturity, Th'c\l
main phloem cells are sieve tube elememS’
which are arranged end to end, forming Siey,
tubes. The end walls of sieve tube elemep;;
have many small holes through which nyy;;
ents move from cell to cell in a watery streq,,
As sieve tube elements mature, they lose the;.
nuclei and most other organelles. The remg;,.
ing organelles hug the inside of the cell wa]|
and are kept alive by companion cells.

» Phloem: Companion Cells The cells

that surround sieve tube elements are called
companion cells. Companion cells keep their
nuclei and other organelles through their
lifetime. Companion cells support the phloem
cells and aid in the movement of substances i
and out of the phloem.
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U"d Tissue Plant tlS(Slu? called ¢ ussue is neither dermal
Grovascular- = Gf'oun tissue produces stores sugars, and
10" :putes tO physical support of the plant. G

round tissue is an =5
tr ’ : : ;
,Conorta“t part of food at the dinner table, too. The edible portions —

’mplants like potatc.)es, squas}}, and asparagus are mostly ground tis- . &
0 Most ground tissue consists of
e

Parenchyma Collenchyma Sclerenchyma
Thin cell walls Thicker cell walls Thicbact Al .0



Ground tissue may also contain two types of cells with thicker cell
walls. Collenchyma (kuh LeNG kih muh) cells have strong, flexible cell
walls that help support plant organs. Chains of such cells make up the
familiar “strings” of a stalk of celery. Sclerenchyma (sklih reng kih muh)
cells have extremely thick, rigid cell walls that make ground tissue
such as seed coats tough and strong. Sclerenchyma fibers are used to
make rope from hemp, and when you last used a nutcracker to open a
walnut, you broke through some really tough sclerenchyma!

= In Your Noteboolk Make a three-column chart in which to
S 7 summarize information about the three main tissue systems ¢ of plants

FIGURE 23
Ground Tiss
show how #
tissue found
in thickness



Plant Growth and Meristems

= How do meristems differ from other plant tissues?

When most animals reach adulthood, they stop growing. Not so with
most plants. Even the oldest trees produce new leaves and new repro-
ductive organs every year, almost as if they remained “forever young.”
How do they do it? The secrets of plant growth are found in meristems,
tissues that, in a sense, really do stay young, Meristems are regions
of unspecialized cells in which mitosis produces new cells that are
ready for differentiation. Meristems are found in places where plants
grow rapidly, such as the tips of stems and roots. The undifferentiated
cells they produce are very much like the stem cells of animals.




- or root is k .
| Meristems Because (he tip of a stem Known 5 Its
' S
Apica ert

pidly growing regions are called apical Merjgt .

. ~ 17 i . . e

.  these 1 o istems divide rap; s,

mer 1stcml§ 1 1 cell produced in apical iﬁlllft T rapidly o Stem
jahized ¢ ; shows examples ;

Unipcc)lt% increase N length. F1gUre & bies of stem dng

and roote ‘

ot apical meristems: of merist
looi\:pﬁrst the new cells that are pushed out ems look ye,

alized and have thin cell walls, Grqg,,’
much alike: They afaeu‘;“fﬁ:; develop into mature cells with Specciial;ize
stn;ctures and functions. This process 1S called dif
cerentiation. As the cells differentiate, they progy,
each of the tissue systems of the plant, including
dermal, vascular, and ground tissue.

Meristems and Flower Development The
highly specialized cells found in cones and flowers
(which are the reproductive organs of seed plants),
are also produced in meristems. Flower or cone
development begins when the pattern of gene
expression changes in a stem’s apical meristem.
Stem apical These changes transform the apical meristem of
meristem flowering plant into a floral meristem. Floral meri-
stems produce the tissues of flowers, which include

the plant’s reproductive organs as well as the color-
ful petals that surround them.

FIGURE 23-4 Apical

Meristems Apical T
meristems are found long
in the growing tips | weclion
of stems and roots. N\ P 4

Root apical Within .thgse meristems, .
merliem unspecialized cells are

produced by mitosis.
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TH'NK ABOUTdIT fCan you g}les§ how large a typical plant’s root
gystem is? Get ready for a surprise if you think that roots are small and
insignlﬁcant' In a 1937 study of a single rye plant, botanist Howard
pittmer showed that the }en'gth of all the branches in the rye phtnt’s'
oot system was an astonishing 623 kilometers (387 miles) The?url
face area of these root§ was more than 600 square meters—.130 times
greater than the combined areas of its stems and leaves!

Root Structure and Growth

() What are the main tissues in a mature root?

As soon as @ seed begins to sprout, it puts out its first root to draw
water and nutrients from the soil. Other roots soon branch out from
this first root, adding length and surface area to the root system. Rapid
cell growth pushes the tips of the growing roots into the soil. The new

roots provide raw materials for the developing stems and leaves before

they emerge from the soil.

Types of Root Systems The two main types of root systems are tap-
root systems and fibrous root systems, shown in Figure 23-5. Taproot
mainly in dicots. Fibrous root systems are found

systems are found
mainly in monocots. Recall from Chapter 22 that monocots and dicots

are two categories of flowering plants.

» Taproot System In some plants, the primary
root grows long and thick and gives rise to smaller
branch roots. The large primary root s called a
taproot. Taproots of oak and hickory trees grow
s0 long that they can reach water several meters
down. Carrots, dandelions, and beets have short,
thick taproots that store sugars and starches.




» Taproot System In some
root grOWS 101‘1g and thiCk and gi\'es Tise to smaller
branch roots. The large primary root i caiki\l -1u
taproot. Taproots of oak and hickory trees Q)I‘Otw
so long that they can reach water several mkctcrs
down. Carrots, dandelions, and beets have short,
thick taproots that store sugars and starches.

plants, the Primary

» Fibrous Root System In other plants, such as 7

grasses, the system begins with one primary root, f )

But it is soon replaced by many equally sized

branch roots that grow separately from the base

of the stem. These fibrous roots branch to such

an extent that no single root grows larger than the

rest. The extensive fibrous root systems prodpced

by many plants help prevent topsoil from being FIGURE 23-5 A

' lions h
washed away by heavy rain. Dandelions have

have a fibrous rc
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Anatomy of a Roof R(_)Ots e el
. , three tissue systems—dermpg|
rom the and ground tissue, as shown In
Figure 23-6. G2 A mature root hag 5

g : Je layer, called the epidermis, ang als
out$ Jar tissue and a large areg Ofo

ntains vascu
co The root system plays 5 ke

ground tissue. .
role in water and mineral transport. The £

.nd tissues of a rootare specialized to carry
out these functions.

» Dermal Tissue: Epidermis The root’s epi.
dermis performs the dual functions of prote,.
tion and absorption. Its surface is covered wjy
thin cellular projections called root hairs,
These hairs penetrate the spaces between soj]
particles and produce a large surface area thy
allows water and minerals to enter.

» Ground Tissue Just inside the epidermis
is a region of ground tissue called the cortex,
Water and minerals move through the cortex
from the epidermis toward the center of the
root. The cortex also stores the products of
photosynthesis, such as starch.

A layer of ground tissue known as the
endodermis completely encloses the vascu-
lar cylinder. The endodermis, as you will see;
Plays an essential role in the movement of
Water and minerals into the center of the 100"

| ——
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» Vascular Tissue At the center of 1
the xylem and phloem together make ,,
region called the vascular cylinder. DI-CI; ta
roots like the one shown at left have 5 cent
column of xylem cells. a

he rOOt

l

> Apical Meristem Roots grow in length
when apical meristems produce new cel|s
near the root tips. The root tip is covered by,
tough root cap that protects the fragile meri.
stem as the root tip forces its way through the
soil. As the root grows, the root cap secretesa
slippery substance that eases the progress of
the root through the soil. Cells at the very tip
of the root cap are constantly being scraped

away, and new root cap cells are continually
added by the meristem.



Epidermis
P 3 ‘

.

P Vasculer Tissve
7 Ground Tissue

Endodermis

X
=
b
o)
O

Vascular cylinder

Phloem

Xylem

—Root cap




sot Functions
what are the different functions of oy,

joes @ TOOL g0 about the job of absorbinge \
. . . * vater
HO™ the soil? Although it might seem tq ‘Vub 1\tu
‘,.-On - . ) —\' y d1er C 0es ‘]()t .Ll\ (O R
™ e root from soil. It takes €nergy on the part of just “soak
part ot the plant to

b water: Roots support a plant, anc or it in the ground
od, and absorb water and dissolyed n 8 C

and minerals

take of Plant NUt-rlents . An understanding of soil helps explain
ow plant roots func.tlon. S'Oﬂ 1s a complex mixture of sand, silt clay
i, and D1t f)f decaying animal and plant tissue. Soil in different
Jaces contains varylng amounts of these ingredients. Sandy soil, for
cample; is made ofilarge particles that retain few nutrients, whereas
he finely textured silt and clay soils of the Midwest and southeastern
United States are high in nutrients. The ingredients define the soil and
Jetermine, to @ large extent, the kinds of plants that can grow in it.

To grow, flower, and produce seeds, plants require a variety of inor-
ganic nutrients in addition to carbon dioxide and water. The nutrients
needed in largest amounts are nitrogen, phosphorus, potassium, mag-
nesium, sulfur, and calcium. The functions of these essential nutrients

within a plant are described in Figure 23-7.
In addition to large amounts of these nutrients, small amounts

of other nutrients, called trace elements, are just as important. These
race elements include iron, zinc, molybdenum, boron, copper,
manganese, and chlorine. As important as they are, excessive amount:
of any of these nutrients in soil can also be poisonous to plants.

¥
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Essential Plant Nutt



~ Nutrient |

(chemical Symbol)

“Nirogen (NJ

{
|

; phosphorus (P)

oci(is_{wﬂglwch!orophyll

Some Roles in Plant

* Proper leaf growth gnd color
* Synthesis of amino acids, proteins, nucleic

* Synthesis of DNA — 1

* Development of roots, stems, flowers, and seeds |

“porassium (K)

* Synthesis of proteins and cﬂah'y:irofgs
* Development of roots, stems, and flowers
® Resistance to cold and disease

. * Pale yellow leaves P

Essential Plant Nutrients

Result of Deficiency .

* Stunted plant growth

* Poor flowering
* Stunted growth

* Weak stems
¢ Stunted roots

“Magnesium (Mg

* Edges of leaves turn brown -

* Synthesis of chlorophyll

* Thin stems

Calcium (Ca)

* Cell growth and division
* Cell wall structure

* Cellular transport

® Enzyme action

* Mottled, pale lea\{_e‘sw -

* Stunted growth
® Curled leaves p
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Active TrcnspO’l'ff{_Sl'j;:thc root cpidcmﬁs Contain actjy, t"‘\*

root hait fuhi OF I.L:Ukknow. active transport 18 a process thy, u\
port }‘TOI}‘IH:“-’-’\’ yor her materials across m-cmbr\\\\ N
energy of ATP 10 " « the mineral ions of dissolved nutricnt:‘;‘?cs‘
\ I concentration of mineral iOn\\: ”;\T

Cl =
\‘[‘Ort b[‘lng
ywve into the pl ™
0 MOVE PNt by o5

»
S
N

ove 1008 and ot

-tive transg .
) » plant. The hig

the soil gh ¢
< water molecules t

lant cells cause
mosis You may recall that osmosis i
S8 the

Water Movement by Os
1 membrane toward an area where the

movement of water aCrossS . 1is higher. By using acti
- - . - « S 154 . \\ -~ ; C T . .
concentration of dissolved material 1 A1 ) g active trangy,.,

o accumulate mineral 100S from the soil, cells of the root epiderm;,
create conditions under which 0smos1S CauSes water to “tollow™ those
ions and flow into the root. Note that the root does not actually pump
water. But by pumping mineral ions 1nto 1ts own c':ells, tbe end result

;s almost the same—the water moves from the epidermis through the

cortex into the vascular cylinder, as shown in Figure 23-8.

Movement Into the Vascular Cylinder Next, the water and dis-
solved minerals pass the inner boundary of the cortex and move
toward the vascular cylinder. The cylinder itself is enclosed by a layer
of cortex cells known as the endodermis. The cells of the endodermis
are each shaped a bit like a brick. Where these cells meet, their cell
walls form a special waterproof zone called a Casparian strip. Most of
the time, water can diffuse through cell walls, but not here. The strip
is almost like a layer of waterproof cement between the bricks ina wall
In.lagine many of these bricks placed edge to edge to build a cylinder,
with this waterproof cement surrounding each of the bricks. The o'}
way that water and dissolved nutrients could enter that cylinder would
be through the bricks themselves.

Epidermis

4 Endodermis
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e wANY Casparian strip f(“‘CtZS Water and minerals to
| membranes of endodermis cel< rather than in 4

f e 1dodermis t
he S qables the et & e And control the water and dissolved
f L ts that enter the vascular cylinder More im \ B
: jents . ‘ e S portantly .
nl‘tr]criqn strip ensures that valuable : X Y the
,1 [ &

move through
Ctween the cells.,

p]’d

P the body of the plant. As minerals are
imn

jinder, more and more water follows by osmosis,
c}’elss ure. If the pressure were not contained,

rOtS would expand as they filled with water. \
L [nstead, contained within the Casparian |
qtrip, the water has just one pljace 1o go—up. |
Root pressure; produced within the cylinder |
by active transp ort, f01.‘ces water through the | -
sascular cylinder and into the xylem. As more \
water moves from the cortex into the vascular

linder, more water in the xylem is forced \\
upward through the root into the stem. In \ Q
Figure 23-9; you can see a demonstration of 4 \ ~ \
root pressure in a carrot root. »
Root pressure 1s the starting point for the ‘
movement of water through the vascular sys-
tem of the entire plant. But it is just the begin-

ning. Once you have learned about stems
and leaves, you will see how water and

other materials are transported within
an entire plant,

producing a strong,
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THINK ABOUT IT While visiting the salad bar for lunch’y

1gs. After making your b
ter chestnuts and bamboo shoog
e vourself some asparagus and potato s S
< are all from plants, of course, but can yo, the Side
them together? They all come frop, the

an intriguing range of offerir
decide to add some sliced wa

Then you ser?
These good things ar
something else that ties

part of the plant. Do you

Stem Structure and Function
What are three main functions of stems?

have any idea which part?

e major plant organs and fissues

)

alad op, th

oy

YOU
0

nmi(c
ntop

fnkof
Same

What do water chestnuts, bamboo shoots, asparagus, and potatge "

have in commo

process of photosynthesis.

n? They are all types of stems. Stems vary in size, shy
and method of development. Some grow entirely undeg-
ground; others reach high into the air. Abovegrouy
stems have several important functions: Stems prodyg

Jeaves, branches, and flowers; stems hold leaves up to
sun; and stems transport substances throughout the play
Stems make up an essential part of the water and
mineral transport systems of the plant. Xylem and
phloem form continuous tubes from the roots through
the stems to the leaves. These vascular tissues linkall
parts of the plant, allowing water, nutrients, and other

compounds to be carried throughout the plant. Inma 'y

plants, stems also function in storage and aid in the

)

)
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. owing stems contain distinct nodes
U - .

. (tached; as shown in Figure 23_

. piCal mer1stems that can produyce New stems ap|

paves- In larger plants, stems deVelop WOOdIyl t; C
ssue

(hat helps support leaves and flowers. e

Coating,
y Where leaves
11. Smal] buds are

Vasculqr Bund|e.Paﬁerns The arrangement of
ssues in @ Stem differs among seed plants. In mop
cots, clusters of xylem and phloem tissue, called "
qascular bundles, are scattered throughout the stery

[n most dicots and gymnosperms, vascular bund]es ,;re
Jrranged in a cylinder, or ring. For a comparison (
of monocot and dicot stems, look at Figure 23-12.

FIGURE 23-12 Comparing Monocots and Dicots
These cross sections through a monocot and dicot stem
chow their similarities and differences. Observe How
does the arranaement of the vascular bundles differ?

L 0C 0

Vascular bundles <




» Monocot Stems The cross section of a
voung monocot stem shows all three tissye
systems clearly. The stem has a distinct

P Dicot Stems Young dicot stems have vascular
bundles, too, but they are generally arranged in
an organized, ringlike pattern. The parenchyma

epidermis, which encloses ground tissue and cells inside the ring of vascular tissue are known
2 series of vascular bundles. In monocots, as pith, while those outside form the cortes of

vascular bundles are scattered throughout the the stem. These relatively simple tissue patterns
ground tissue. The ground tissue is fairly uni- - become more complex as the plant grows larger

form, consisting mainly of parenchyma cells. and the stem increases in diameter.



However, plant growth is still carefully controlled and re,, |

()""' “‘ ; - : t wt c TS e

D1 cndi;g upon the species, plant grow th follows ge
ep ;

istic size and shape of the adyls ;. ™
that produce the characteristic sSiZ I dult o

Primary Growth The growth of new cells produced by the api
meristems of roots and stems adds 1engt}'1 to the pla{lt. This Patter, .
growth, occurring at the ends ofa pla'nt, is called primary growth -
increase in length in a plant due to primary growth from year o
shown in Figure 23-13. Primary growth (?f Stems is the regy b
elongation of cells produced in the apical meristem. It takes placei,
all seed plants.

Secondary Growth As a plant grows larger, the older stem; and
roots have more mass to support and more fluid to move through
their vascular tissues. As a result, they must increase in thickness as
well as in length. This increase in the thickness of stems and root

is known as secondary growth. Secondary growth is very common

among dicots and nonflowering seed plants such as pines, but it is rar
in monocots. This limits the girth of most monocots.



Unlike monocots, IEOSt dicots have meristem;s within their stems
d 100t that can pro }lllc‘e true secondary growth. This en
‘dicOtS to grow 10 grea(’;d.e.lghts becaus? the increase in width supports

C he extra weight. In a f}tlon to Showmg Pri.mary growth, Figure 23-13
| lustrates the p.attern 0 Se.condary growth in a dicot stem.

9 In conifers and dicots, secondary growth takes place in
neristems callfed the vascular cambium and cork cambium. The
qascular cambium Produces vascular tissues and increases the thick-
ness of stems O.Ve%’ time. The cork C’flmbil.lm produces the outer cover-
ing of stems. Similar t?fpes Qf cambium t1§sue enable roots to grow.
The addition of new tissue in these cambium layers increases the
hickness of stems and roots.

ables ma ny

Growth From the Vascular Cambium 1n a young dicot stem,
bundles of xylem and phloem are arranged in a ring. Once seco.ndary
growth begins, the vascular cambium appears as a thin, cyl'mdncal layer
of cells between clusters of vascular tissue. This new meristem _formF
between the xylem and phloem of each vascular bundle. Divisions in
the vascular cambium give rise to new layers of xylem. and phlgem. As
aresult, the stem becomes wider. Each year, t}}e cambium continues

to produce new layers of vascular tissue, causing the stem to become

thicker and thicker.

“ " ")‘lr e d 1 .“ a ”lOthe

: d.
9 Woody stem. Start from the center and move outward.
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Wood Most of what we call “w09(1” is actually »
secondary xylem produced by the Vascuiiar cambium. Th ese cel b ur]]d
up year after year, layer on layer. As woody 1stems grow thicker, g,
older xylem near the center of the stem no longer conducts wate, )

- stead becomes what is known as heartwood. HearnYood usually
Jates colored deposits. Heartwoqq;
S

darkens with age because it acCumuiaies ¢ :
surrounded by sapwood, which is active in fluid transport and is, there.
fore, usually lighter in color.
Tree Rings In most of the temperate Zon&, tree growth is seasong]
When growth begins in the spring, the vascular cambium begins t
grow rapidly, producing large, light-colored xylem cells with thin ]
walls. The result is a light-colored layer of early wood. As the grow-
ing season continues, the cells grow less and have thicker cell walls,
forming a layer of darker late wood. This alternation of dark and light
wood produces what we commonly call tree rings.

Each ring has light wood at one edge and dark wood at
the other, making a sharp boundary between rings. Usually, a ring
corresponds to a year of growth. By counting the rings in a cross sec-
tion of a tree, you can estimate its age. The size of the rings may even
provide information about weather conditions, such as wet or dry
years. Thick rings indicate that weather conditions were favorable for
tree growth, whereas thin rings indicate less-favorable conditions.

Formation of



g 23-14 Formation of Wood
F|G‘3?,he layers of wood and bark inQnd Bark This 4

iagram
v Q mQ’U g
sh‘éergone several years of secondary Sfowﬁ:e ree that has
UM issues are meristems? ; C\QSS“Y Which

d) Cork
X em.(squ.oo | Contains
Contains acfive xylem nonfunctioning

hat transports water o

and dissolved nutrients Cork Cambium
A meristem that
produces the protective
Yylem (Heartwood) layer of cork

0ld xylem that no
longer conducts
fluid but helps support
the tree

L Phloem
. A vascular tissue
that transports
Vascular Cambium sugars made by
A meristem that produces  photosynthesis
new xylem and phloem,

increasing stem width

Formation of Bark In a mature stem, all of the tissues found outside
the vascular cambium make up the bark, as shown in Figure 23-14.
These tissues include phloem, the cork cambium, and cor1_<. Asa tree
expands in width, the phloem layer must grow as well. This expansion
may cause the oldest tissues to split and fragment as the expanding
stem stretches them. The cork cambium surrounds the cortex and
produces a thick, protective layer of waterproof co.rk tbat prevents the
loss of water from the stem. As the stem increases 1n SIz€, outer layers

of dead bark often crack and flake off the tree.
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Vocabulary

blode e petiole e mesophy” i Leaf

palisade mesophyll . sructure ofa
spongy mesophyll « stoma e (C How Is the

e ient? ;
transpiration e guard cell mor; ;‘fﬁc Chapter 8 that phOtOS)’ntheSls uses carbon dioy;
Recall tfrom

€a
duce sugars and oxygen- Leaves, therefore, Must j, o
“’me"{tolfr(.) ing carbon dioxide and water as well as distribut(‘\e !
7 [0} taini 1 i 1
W a)&o \ The structure of a leaf is optimized to
products. Cad

and carry out photosynthesis.

f To collect sunlight, most leaves haye ath;
a blade. The flat shape of a leaf blade m n

. a‘ "
n absorb. The blade is attached ¢, the‘:tmlzeS
em
Stem, Caye

Taking Notes

Preview Visuals Before you
ead the lesson, look at

igure 23-15. Locate the three
ain tissue systems and infer
vich tissue system makes up
leaf veins.

in
abS()rb ligghind

Anatomy of a Lea
flattened part called

t of light it ca .
l:};iiat;?at?alk called a petiole (PET ee ohl). Like roots ang

have an outer covering of dermal tissue and inner regjong
and vascular tissues, as shown 11 Figure 23-15.

» Dermal Tissue Leaves are COVer ed on their top and botton, surfy
by epidermis. Leaf epidermis 1s made Of: a .Iayer O_f tough, irregularl ¢
shaped cells with thick outer walls that resist tearing. The epiderp;,
of nearly all leaves is also coverEd.b)’ awaxy C.uqde' The cuticle isq
waterproof barrier that protects tissues and limits the Jogg of w

ater
through evaporation.

» Vascular Tissue The vascular tissues of leaves are connected

directly to the vascular tissues of stems, making them part of the
plant’s fluid transport system. Xylem and phloem tissues are bundleg
in leaf veins that run from the stem throughout the leaf.

P Ground Tissue The area between leaf veins is filled with 3 special-
ized ground tissue known as mesophyll (MEs uh fil), where photo-
synthesis occurs. The sugars produced in mesophyll move to leaf

veins, where they enter phloem sieve tubes for transport to the rest
of the plant.



hotosynfhe“s The me.50phyH tissue in most leaves is highly spe-
il sed for photosyn:(heSIS. Beneath the upper epidermis is a layer

¢ cells called the palisade mesophyll, containing closely packed cells
Jbsorb light that enters the leaf. Beneath the palisade layer is a
Joose 11SSUE called the spongy mesophyll, which has many air spaces
between its cells. These air spaces connect with the exterior through
stomata (singular: stoma). Stomata are small openings in the epider-
mis that allow carbon dioxide, water, and oxygen to diffuse into and

out of the Jeaf.

that

Transpirofion The walls of mesophyll cells are kept moist sO that
gases can enter and leave the cells easily. The trade-off to this feature
. that water evaporates from these surfaces and is lost to the atmos-
phere, Transpiration ‘< the loss of water through leaves. This lost

- water may be replaced by water drawn into the leaf through xylem

- vessels in the vascular tissue. Transpiration helps to cool leaves on hot
days, but it may also threaten the leaf’s survival if water 1s scarce.

v‘,
— == . ®& B! . .
s e | mn tnble.in.which yauulist
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. ¥ Usg e
ammak do). Plant leaves aHou gas exchange between air ¢ bac

pll&L\
spongy mesophyll and the exterior by opening their Stomaty M th

Homeostasis It might seem that stomata should be Open
allowing gas exchange to take place and photosynthesis ¢, ocey
speed. However, this is not what happens! If stomata were ke :
all the time, water loss due to transpiration would be 5o great th,
plants would be able to take in enough water to surviy e. So, Pldn‘tt fo
maintain a kind of balance. (& Plants maintain homeOSt'lsls bs
keeping their stomata OPen just e,
to allow photosynthesis to take Placub
not so much that they lose ap excess(; ut
amount of water. &

all th

Cf“.
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Guard cells are highly specialize
that surround the stomata anc
their opening and closing.

> SSPeciy),

water vapor and carbon dioxide, iy, .
C (

out of leaf tissues.
The stomata open and close ip respon,
to changes in water pressure withip the
guard cells, as shown in Figure 23_14
When water is abundant, it flows in, the
leaf, raising water pressure in the guard
cells, which then open the stomata. The
thin outer walls of the cells are forced
into a curved shape, which pulls the thick
inner walls of the guard cells away from
one another, opening the stoma. Carbon
dioxide can then enter through the stoma,
and water is lost by transpiration.

When water is scarce, the opposite
occurs. Water pressure within the guard
cells decreases, the inner walls pull together,
and the stoma closes, This reduces further

water loss by limiting transpiration.

il
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Transpirotion and Wilting Osmotic
0 ressuTe keeps 2 plant’s leaves and
<tems rigid, of stiff. High transpiration
_ates can Jead to wilting. Wilting results
from the loss of water—and therefore
ressure——-in a plant’s cells. Without

this internal pressure to support them,
the Plant’s cell walls bend inward,

and the plant’s Jeaves and stems wilt.
When a leaf wilts, its stomata close. As
a result, transpiration slows down sig-

nificantly. Thus, wilting helps a plant to

conserve water. F\QURE 23-17 W'\\f\ng A plant may
wilt when water is scarce.

otebook Make @ list of molecules that are exchanged
the stomata. Which ones primarily enter the leafé Which ones

imarily exit the leaf?
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K ABOUT ‘T 1,00"\ ata ‘a“ tree
e. A\L\\.-ht‘ \hv:rc-\ one outside vour K(‘Y OUO'n\.\O!\'-

at's 15 meters high or even tall
aller,

1th
o0 haul wate Think
« { be to haulw ater up to t nnk about how X il
i wou i, a hundred meters hi \:\Q 0P of that tree. Now \\‘\“ “.\u\.\\ “.m\\ (= What are the major forces
cd\\'*"“ ’ S gh. How does water get t ;\\n\\ bt anue that transport water in o plant?
: g¢t to the top?
' € What drives the movement
ater Transpor" of fluid through phloem tissue in
. ?
what aré the major forces that tr a plant?
call that active transport and root ansport water in a plant? Vocabulary
i)m soil into plant roots. The preSSErT:SSure cause water to move adhesion « capillary achion @
tI;‘i sues of arootcan push water upwar dc.:atec\‘ by water entering the pressureflow hypothesis
) does not exert nea a plant stem. Howeve .
1Jre:ssure 4 rlyf enough force to lift wate vever, this Jaking Notes
ther forces are Much more important ater up into trees.
. ) Compare/Contrast Table As
ansplrdhon The major force in w read, create a table in whic
) ater transport is ide d
vap oration of water from leaves durin 0T 1S Provic ed by the compare and contrast the fu
) ates through open stomata, the cell ; ;\r SISO L5 Wale); evafy= tions of xylem and phioem
or > walls within the | .
eaf begin to dry

t. Cell walls contain cellulose, the - ;
e e e e
cell walls draw.water from cells deeper inside the .\eaf "Y;r ; t\\c .-
into yascular tissue so that water is pulled up throu h T pull extends
How important1s transpirational pull? On a ho% d:y ove

(ree My lose as much as 100 liters of water to tran- HhETER AsHES
gpiration. The hotter and drier the air, and the
windier the day, the greater the amount of water
Jost. As @ result of this water loss, the plant draws
ore water from the roots. Figure 23—-19
ws an analogy for transpirational pull.

you

up even m
sho

TRA SPIRATIONAL PUL
FIGURE 23-19 Imagine a chain of circus
clowns who are tied together and climbing
a tall ladder. When the first clown reaches
the top, he falls off, pulling the clowns
behind him up and over the top.

Similarly, the chain of water molecules

in a plant extends from the leaves

down fo the roots. As molecules exit

leaves through transpiration, they

pull up the molecules behind them.
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w Cell Walls Pull Water Upward To pull v

jo Ater
take advantage of some of water’s most intcrcstingq;;,v:;pwilr( Dl
Water molecules are attracted to one another by a fol‘éc: cal )rgpe;f?ts
sion. Recall from Chapter 2 that cohesion is the att"actioca”ed Cohew'
ccules of the same substance to each other. Water COhesiOn 9f oL
strong because of the tendency of water molecules tq fOrnr: Is SPec,‘a”
gen bonds with each other. Water molecules can also for h drg.

m hy4

bonds with other substances. This results from a force called "O8en
adhesion, which is attraction between unlike molecy]es.

If you were to place empty glass tubes of various diameter :
dish of water, you would see both cohesion and adhesjop at ;,S 0
The tendency of water to rise in a thin tube is called Capillary Ork-'
Water is attracted to the walls of the tube, and water moleculesacnon'
attracted to one another. The thinner the tube, the higher the wzre

will rise inside it, as shown in Figure 23-20. e

Putting It All Together What does capillary action have to do i,
water movement through xylem? Recall that xylem tissue is COmposeq
of tracheids and vessel elements that form many hollow, connecteg
tubes. These tubes are lined with cellulose cell walls, to which water
adheres very strongly. So, when transpiration removes some water
from the exposed walls, strong adhesion forces pull in water from the
wet interior of the leaf. That pull is so powerful that it extends even
down to the tips of roots and, through them, to the water in the soil.
(= The combination of transpiration and capillary action are the
major forces that move water through the xylem tissues of a plant.



Nutrient Transpory

What drives the movement

hloem tissue in a plant? of fluid throth

How do §ugm‘B move in the phloem? The lead;
cxplanation of phloem transport is kno 'demg
ressure-flow hypothesis, shown T Vi as the
As you know, unlike the cells that formg\-l‘r 23-21.
Geve tube cells in phloem remajp Lo "\)unj t.hc
(ranspOrt MOVeS sugars into the sieve t‘ube t_‘;\““"t‘
surrounding tissues. © Water then follows o

osmOSis, creating pressure in the tube at the sourg¢
. $ X -
of the sugars. © If another region of the plant

has a need for sugars, they are actively pumped

out of the tube and into the surrounding tissues.
Osmosis then causes water to leave th&ube,
reducing pressure in the tube at such places. The
result is a pressure-driven flow of nutrient-rich
fluid from the sources of sugars (source cells) to the
places in the plants where sugars are used or stored
(sink cells). Changes in nutrient concentration
drive the movement of fluid through phloem tissue
in directions that meet the nutritional needs of
the plant.

The pressure-flow system gives plants enormous
flexibility in responding to changing seasons. Dur-
ing the growing season, sugars from the leaves are
directed into ripening fruits or into roots for stor-
age. As the growing season ends, the plant drops its
fruits and stores nutrients in the roots. As spring
approaches, chemical signals stimulate phloem cells
in the roots to pump sugars back into phloem sap.
Then the pressure-flow system raises these sugars
into stems and leaves to support rapid growth.
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