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Phloem Xylem

Ground

Sclerenchyma
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Ground tissue
(fiber cells)

connecting
pith to cortex
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Key
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Monocot Stem Vascular Bundle

{ .\ H -
‘ A ' sclerenchyma is called a bundle sheath in
"“< monocot leaf vascular bundles
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phloem fibers
Support of Stem

functional phloem

Translocation
vascular cambium
Cell Divison: More

Xylem and Phloem

xylem Transpiration

As a dicot grows, how does
it add vascular capacity to
become a tree?

©1996 Norton Presentation Maker, W. W. Norton & Company



phloem parenchyma
sieve tube
companion cell
vascular cambium
tracheid

vessel

xylem parenchyma
xylem fiber

L
===
=
—
2 £
-
= =&
— -
o B
7 »)
<
>




Epidermis

Fibers
Phloem

‘\.':-::.(0 s
\ . .(.( s & -

Parenchyma —

: -";'o..t' ..
Xylem —~ --3";"“3193\.,‘ T
R OB o ‘ |
Ry win




o

)
SaY
v J
-7
&
¥ P
[ 7238
-
N
3 .
& i
v
~ 3
AL A
{ -

\



Wyluiageaiinisiulanfens

WIIZAIAULLIDLEDLATATUYY

(Vascular cambium)
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Vascular

gcamblum Fusiform initials__ a0
o

L R
Primary xylem {

Vascular cambium <},

Primary phloem——

Pith ALEE-
Primary xylem =1
Secondary xylem —
Vascular cambium <
Secondary phloem;

Copynght @ Pearsen Education, Inc., publishing as Benjamin Cummings.

Ray initials

Primary xylem

Vascular cambium
Primary phloem

@) Cortex

Primary xylem
Secondary xylem

Vascular cambium
Secondary phloem Cork
Primary phloem”  cambium

(b)
Summer wood Gto‘"‘“ -
Spring wood \

Secondary
xylem (two years
of production)

Vascular cambium
Secondary phloem
Cork cambium

Cork Periderm

(c)
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Annual ring
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Secondary phloem
Vascular cambium

Late wood
Early wood

Cork
cambium > Periderm

Cork

Secondary xylem

Vascular ray Growth ring

(b) Cross section of a three-year-
old Tilia (linden) stem (LM)

O 2011 Poazon Sducacn, Ino



Remnants
of epidermis

~ Cork
cells

_ _:l— Cork cambium

— Cork parenchyma
50 um

Periderm



'CORK CELLS

DO THEY LOOK LIKE LITTLE ROOMS LIKE HOOKE THOUGHT?
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| Modified stems - examples

Copyright © The McGraw-Hill Companies. Inc. Permission required for reproduction or display.

a. Stolon b. Rhizome c. Tuber d.Corm



Modified Stems

Tuber: Stem section that stores food and bears
buds for new plants. Ex: Potatoes

Corms: Thick underground stem.
Ex: Glads and Banana Trees

Stolens/Runners: Above ground horizontally
and connect plants or forms new roots.
Ex: Strawberries

Rhizomes: Underground horizontal stems that
sends shoots upward.
Ex: Bamboo, irises and lilies.



(@) Stolons. Shown here on a
strawberrv plant, stolons
are horizontal stems that grow
along the surface. These “runners™
enable a plant to reproduce
asexuallv, as plantlets form at
nodes along each runner.

Storage leaves

(@) Rhizomes. The edible base
of this ginger plant is an example
of a rhizome. a horizontal stem
that grows just below the surface
or emerges and grows along the
surface.

(b) Bulbs. Bulbs are vertical,
underground shoots consisting
mostlv of the enlarged bases
of leaves that store food. You
can see the many lavers of
modified leaves attached

© Tubers. Tubers. such as these
red potatoes, are enlarged
ends of rhizomes specialized
for storing food. The “eves™
arranged in a spiral pattem
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46. Wyluvolainaviialis1nfiny (adventitious root)
1. UTWIN uaw Wna
2. uzAzNB WU A1y

& e A /
3. 0AVYI Wwing 1nina
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4. NZUIINABY UWIWI Y1310A
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5. wzMawWIzEe duanlzvas nale'ls



SANNLA L (Adventitious root)
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- szuusnun (tap root, primary

root) Bauiutas suaraud1olng vanmuwse

AIAAUDILAN
- sTALs N as (secondary root) Husn

ALAauINU perlcycle TINALANAAANTAUIALYN 9
AU unﬁmmau’tuw*’zmusznmmLLm"meouso LAY
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- sanLAlE (Adventitious root) (flusn
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s1ANLEi adventitious root

Husiaisananndiusng 4 1aeviz v Sedunialy aradiwuaeiusdieuazninnlay 8 Usuan @il
1. anelas (Fibrous root) lusinnsanaanannlauaiau wiaununaummida

Wl wusnalusinludsai@ iy 110271 172 1e vait wana uews tudu




2.57AA1AU (Prop root 13a Buttress root) Lilusinnvanannlauauniafsuuduualvisadauiiianava6au 1y
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3. :7ALAE (Climbing root) tlusnfiuanaanNAdVAIEEUNIAIEAUKAN HDUA G UTUFI 11U TIANE WIA
na nanalsl waaa tludu
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4 57nm81a (Pneumatophore wia Aerating root) tlusini duduinainduniatiiiaduaandiau 1y s1naEm

' o A v T o = o d =
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5. 57n1s&6 (Parasitic root) tilusinuasnizwInUsannas19 Haustoria unatzn ldludduzasnzineilu
& = ' % & ' =~ .
Taa6 tawgsiuaza s 1ass v shn nMen elasgvag lueu
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6 sAINSILASIZViAEWEY (Photosynthetic root) Lusiniuananndanasadsiunsanuayag luannaasi
a o Py -4 1 e & v ~ H v v J v v o
SidgnuagnaaistilaalvmadaasiZiismaua'le tzu sanaareld uanannisinnala lugeiuiu
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(Velamen) Wiugnuzauuan zassin’li Lﬁa@amwﬁuuamﬁum
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7.57n&gaN2IMNS (Food storage root) LHusinazauaviswinuilTdsdu waiienali ausin
wdsuulassseiizunatuaideinavdanduii “ih” 1y Wuasan Widnne wian luui Midnme
uaIusausiz (Radish) ¥1 in (Beet root) uaziiiiuum usnazguavisnuasuulasuiannsin um
fiusinsvauansuadiumea §nis nsvane twasuulasunannsin wuug

SIAALAND NS
(lasemssmIngdaasuazaaladd@ns yaild daiu., 2547, i 224)



8 s7n1u (Thorn Root) Liusnndianeazidunuiusanunannusnalauau aausantuy 9 iusn

= Vo = = Cu . . % o’ [ v = ‘ = = = :
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46. ﬁﬂu%’a‘lﬂﬁqmﬂﬂﬁsmﬁmu (adventitious root)
1. UTWIN uaw Hana
2. uzazne WM d1w
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1. epidermal tissue 2, mesophyll cell

3. guard cell 4. cambium /

S. xylem



46. volagnfos
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1. | Cork cambium 5590 HeTaasaanin Untlesfia |
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2. | Tracheid 1790 W asaar A GIELTR
3. | Sieve tube ¥ in dsviasaaung ANABID NS
1uldn o W ¢ A. 5 G;A W &
4. | Trichome NI HENATAAHIN INUNUNEITURE
ey, d W d
5. | Meristem NYIN WHN ARV
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What Are Trichomes
and Why Are They




epidermis fimiinaadsyans iy thailasfuduans iimsumsaminanuldauuda azamituagansilaann

MEGWIEL IR H I TNREL NG ERHVITER mswwaamﬂﬂmas'\mjaa’lﬂuﬂnﬂanmaumﬂuma
dovmnafoauzas epidermis fifiuaanun a1aLinanALas epidermis LeiRaLAEN 12U U5 (root

hair) 2uaN&a187 MUF L Balianananalas EﬁaaﬁquiﬂmLﬂuuaﬂﬂmumu (stellate hair) uanandl trichome £
gnsaduasaaninaauan’le 13aa7 glandular trichome dofivan gy leun
- YUY %32 stinging hair Wy luirwIns e Uararuagunay srulaudunsuigaalufiansinwin histamine uay
acetylcholine TivinliitinannsAu uausau
- Colleter tHugiauiifiuinwiien 4 aanumiugangau vidaduzam
ailasAuunasinvinang Inwusuganduluzasmluniamiuly
aneamauaniiuiiuauitana
- fiautULAAA (salt-secreting trichomes)nwu Tulufznnalau
- GauNEMIMNU (nectar- secreting trichomes)
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m'smgau?;vmx} ﬂuﬁun‘iuj xyvlem N3 apoplast pathway
msm'é"aui’i'uang\'luaun’hq' xvlem NN symplast pathway
mstndouiveniy wylem 03 el
msméeu'ﬁwn}mmmrﬂuq'ﬁmu'mm: phloem

) * 0 : v ' ' |
MISINAHAVONINAMIAVIN phloem 1V ITHA



Plasmodesma

Cell wall

[ N\ Cytoplasm

] m _~Vacuole

Apoplastic pathway (through cell wall)

Symplastic pathway (through cytoplasm)



Outside air W

=-100.0 MPa
Leaf W (air spaces)
=-7.0 MPa ,
Leaf s (cell walls) e s
=-1.0 MPa ‘ . v
| by hydrogen
A
]
‘3 wall
Iy )
Trunk xylem s 42 }:;I
=-0.8 MPa -— weiss=d Cohesion
. 4 Cohesion and by hydrogen
°f adhesion in bonding
- the xylem
A
molecule
Trunk xylem s
- -0.6 MPa \- ), -
Soil /{g )\ X particle
=-0.3 MPa 2! - Water
Water uptake
from soil

Copytight © 2008 Pewrson Educaton, Ing., pulishing as Pearnon Benjamin Cumnmungs



Sieve tube Source cell

. Transport of Sugars | T

@)

29
09 o %067 o

o0

= Mass flow hypothesis ‘ ol o lys 1o
¢ “source to sink” flow
¢ Source = |leaf, Sink = root

= Phloem loading in leaf ’
= active transport of sucrose

§ : 1m/hr
= = (i
- 2
into phloem 2 R °
= increased sucrose concentration g . .
decreases water potential 3 ° e
. ink cell
= & o (storage
¢ Water flows in from xylem N . N oo
cells i 2kl YA
= increase in pressure due to N K4 - o -
. . ' wd> Sucrose |
increase in water causes flow | noll o " o & &
o | G e
_ « Hydrostatic pressure | :
AP Biology



E’RESSURE-FLOW 4

o A developing fruit is one
example of a sink.

o Sucrose may be actively
transported out of phloem
into the fruit cells.

o In a root, sucrose 1s
converted into starch,

which keeps sugar moving ?

in by diffusion.

companion cell

e
o
o
[ )

t' [() c,'.

fruit (sink for sucrose)
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nmﬂgtmﬁvm\} ﬂuﬁun‘iuj xyvlem N3 apoplast pathway/
msm'é"aui’i'uang\'luaun’hq' xvlem NN symplast pathway
mstndouiveniy wylem 03 el
msméeu'ﬁwn}mmmrﬂuq'ﬁmu'mm: phloem

) * 0 : v ' ' |
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55. UNDUAUNUNEU PGP2 (hanveInumsnlasuamnveuasaaiuns lufa

o '

ar o =5 24 o y a a @ ' s 1
- nauiuieeniw (pericycle dedifferentiation) 1NRINANANTUNTHAINGT)
<4 © YV a c; : .
axtnalvinaldsingnisalaunian
1. QWA 510807 , R :
2. U5 INMYHIT AT
3. sl haineug e
' v. Yt
1343 secondary growth

! @O - < as <
5. lu@nnIeaasaaauRuG



Movement upward

Xylem
vessels

Endodermis
Casparian

Epidermis

Symplast:
interconnected
cytoplasm of
living cells

Water and
dissolved
nutrient

Q minerals
Apop|ast: \ Root hair

interconnected
cell-wall spaces

Plasma membrane ~
Plasmodesma

Cell wall

@© 2007 Thomson Higher Education
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= o VvV a c; : .
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1343 secondary growth
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