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1. Soil particles tend to
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2. Positive ions are

attracted to soil particles. ol U

3. Negative ions stay in .. . _
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roots, creating a charge )
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“pull” positive ions out
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4. Active transport is
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positive ions in the root.
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Figure 36.6 Water potential Is higher In soll and roots than at the shoot tip. Water
evaporating from the leaves through the stomata causes additional water to move upward in the xylem and also to
enter the plant through the roots. Water potential drops substantially in the leaves due to transpiration.

Adding solute to the
right side lowers g,
causing water to
move to the right
side of the tube.

Applying positive
pressure to the left
side increases Y,
causing water to
move to the right
side of the tube.
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The apoplast is Cell wall .
the continuum poplast route
of cell walls and [—= — » Apoplastic route
extracellular [ [
spaces. Cytosol

- Symplastic route

The symplast is the /—b -» ————p —» — Transmembrane route
continuum of

cytosol connected A
by plasmodesmata. Key
Plasmodesma

Plasma membrane Apoplast

Symplast

Plasma membrane Cell wall Plasmodesma Vacuole



Casparian strip

Pathway along ndodermal cell

apoplast
ey U =g
through ) . upward

symplast in vascular

cylinder

Plasmodesmata

@ Apoplastic route. Uptake
of soil solution by the
hydrophilic walls of root hairs
provides access to the apoplast. Casparian strip
Water and minerals can then
diffuse into the cortex along Plasma
this matrix of walls and membrane

extracellular spaces. (1) Apoplastic
route

@ Symplastic route. Minerals
and water that cross the
plasma membranes of root 2]
hairs can enter the symplast.
Symplastic
route

" " %C (xylem)
Qolk

©) Transmembrane route. As
soil solution moves along the
apoplast, some water and
minerals are transported into
the protoplasts of cells of the

epidermis and cortex and then Epidermis Endodermis Valgcglar
move inward via the symplast. . 0 v
Cortex (stele)

@ The endodermis: controlled entry to the vascular cylinder (stele).
Within the transverse and radial walls of each endodermal cell is the Casparian © Transport in the xylem. Endodermal cells and also
strip, a belt of waxy material (purple band) that blocks the passage of water living cells within the vascular cylinder discharge water
and dissolved minerals. Only minerals already in the symplast or entering that and minerals into their walls (apoplast). The xylem
pathway by crossing the plasma membrane of an endodermal cell can detour vessels then transport the water and minerals by bulk
around the Casparian strip and pass into the vascular cylinder (stele). flow upward into the shoot system.
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@ Water uptake from soil
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Figure 36.13 Abscisic acid (ABA)
initiates a signaling pathway to close
stomata under drought stress.




Gjgy eSS s L goylgud goig jlis

JW 3950 Law a5 0339 9 old il b Jiiud gjlghw lo)lars Ghls Wjgy HleSs gloaisly

Ll s lgiSs g caolius gl dje) oleSs clodisl gojlgys o

SHol—w gladib) sele b ginhi -1 o
U 390 L gy obeSs oylgd
b8 ginlisl Llgs Ladisly ool
RERAIETRARY

0SS glodisly guilwjjgs JLow e
ubyinS g W5yl Job byinS dijg,
LAl uye

0leSS lodisly eS—b goylgaa -t o
i (601920 b dwnlde yo dijg,
02l 418 gxiaS Glgb inlj8l glodisl gal puilwjygd Jus J4s gras 4 L diiws Paasd
S oy 0ues ille Guslw)el JWow djgy uleSS g dislh U Wi 5o camw gibg0

Tied end

Slightly inflated balloon

Add turgor g Add thickened inner walls 8

pressure (air) (overlapping duct tape)

| S—
20 pm

lodijgy g i 95U 2 590 Jolge

O b ame Ao B olS 10 wunSligs GiwlS -P g (aaibygs golb))gs g Lod Ginljdl -1 e
g0 2lee lodijg,

350 29 W jg) (b Winy Luw Lo g jg5 A I iy piwljel e

50 lg CBajg) ¢y Winy L Ig® Cughy Wab GaslS e

335505 (9o (GLBWjgy (b i L 19 gy LS o

39050 (29 GLBWjg) (b Wiy Lo b @ jg) S @

3380 2Ig® (SLBAjg) ¢y Winw L Ll SojuunT Ginlj8l g oLS LT puolS e

b 33 g iy |y 393 (g sladijg) jg) 30 L WEISE am Wbl Sid ol plals 3y o
ccawl oLS 1l 0T @89 ylire LidlS gl ©)Bjlw 2l - ayl0 4S5 5L |y g3 (2lge ladsje,

o) BSjls jl ai8)g)8 gladijg) slaul g Sy g b dlass GialS (alge b dsjg) dlass phalS e
i cawd jl gieS Ol U cuuwl Suind @bl oS

oy

-1 aS a0 &) Sloj 43 0aay ¢l g bpe widS §ay25 @ale gy Sy gaibls b gl jl T 2gys @
ol 0dul @S @323 ¢ljae P g cuwl Sbj glddig) jLind

Lol oLS 1 0T 2955 glinebl ©bgw Gay=3 @



3L @225 joy Jisl Lgbyo jl s Glgd Jo L g P & o

b i Y e

ol Wlg el 5o piaad slaul bulpis b @ayed plavl ol cuawl
xS gl g s

Ll gl jLind jgubs bl Gay=i e

Lol slgil j3 (T srdjg)) jL dinuen Glodjg) @asb jl G2p=d @
AR I, ’a) w9

LRY-J8) (S0 )0 &-Sp

oy calitne T dlge adgl g Jiwgi8 JLswy .3gube S 6393 o3 O Sy 43 pld (goyuid
@ a5 Giowd jo .S wSis wlgs plald jo Wlgie pld (Gosuib LBUS L 83)g)0 (0D S o S 03)93
239350 Caound Gl Caouw 4 BSOT WgT jo LT (godlo ¢l wbb @bl jLs LT sloJgSgo

93950 Wpao Jowo thow @ guio Jowo taauw jl QT dlge iSOl Aigl jo e

S o ol 1y oLS T dlge S low truie @

WS (50 05353 U WBpon 1y oL T dlgo aS oo :@pan @

oLS Sy = guio (2yipge @

s @io T 3lge (gjlwaliT plEis @ g Lpas Jow 0)u53 o @ (j920) Glojudd goruawd o
1318 plasl 1y 45 pinlojT lgdse Ul 31go Rlaand LauS)s g 03)9 5 GOy LSy Lucyw Gy Sl @
O LS (60393 (603 jl aS Ll gloyins aiiy e

25 pm Jowo U Wilgine jo5ls ol pabys .aiS e oolaiwl
' ﬂﬁ;’:‘ . Slp  aaS awde’ jgils U aisS 3985 (iSOl gleotigl

lement ¢ . >
L ©LS 4y pgbys 39,9 jl Yuy 0392 (O )

Skl iy pgbys 2o jl 9 035 a1 y9ile
pobyS jl 039 Gop—ib cucyw ¢l 43 S0
Sap droplet -WENSUETI I PO RISV TR0 3| L N WY R R Y

Aphid feeding Stylet in sieve-tube  Separated stylet ) Gy |y 03)9)2 (500 Sy

| t i
semen e S o gl 10 8y pgby I pls oy @

G2l 1) cunl el g Sodumun jhuw pld (05b jl 03595 (GOub LSy 1039 (G0 uSy> (;SigS>
S 50 jgac 013j (RBAIBL gl I 0y

Al 693l 53 g loagi ubyz yulwl 1 1y 03595 Goxd cSy> )b gl T GulibelS :Gikge kb
313 b gi (g Lind

g e LBSOT Wgl 3)lg AYled i (JT Slge S50 g Wid -
1452590 o) yw 1d5glg=0S (g2 SIS .l Sl (ST gloasgl @) g3gyg 28 o
W5l i LESHT gladisly a4y Jlgo 3g)9 33 lopdiuw olyas glodisl, e

A0 &) Sipl Bpo b a5 wingSe GiSHT 35)b |y UiSHT Wigl @ slge 3959 @



| | \ |I | 'I
|| Vessel | Sleve tube | | Source cell
| (xylem) - | (phloem) | (Ieaﬂ

Sink cell

| (storage
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© Loading of sugar (green

dots) into the sieve
tube at the source
reduces water potential
inside the sieve-tube
elements. This causes
the tube to take up
water by osmosis.

@ This uptake of water

generates a positive
pressure that forces
the sap to flow along
the tube.

€ The pressure is relieved

by the unloading of
sugar and the
consequent loss of
water at the sink.

O In leaf-to-root

translocation, xylem
recycles water from
sink to source.
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