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Water potential and turgor pressure

Extracellular fluid: Equal water potential

water potential
hlgher{ pressure potential inside and outside the cell

osmotic potential cell wall

Inside the cell:

water potential Pressure potential
lower < pressure potential increases until

osmotic potential the cell is turgid

© Dwight Kuhn © Dwight Kuhn
a. Plant cells need b. Plant cells are
water. turgid.
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(a)

0,

C02, methane

SOM
decomposition.

nutrients bound to particles
and in water

< bacteria bound to particles
and in fluid

® fungal hyphae and spores
soil organic matter (SOM)

09/26/2015

59

N XN N



(sl op sLAS) slaly) azwys -W-|

098 sl ) dawei |) 2lde jwolic Cwow U L) &S >
:alS L ol dly 9 S s Ol
Cawl 3003 0+ 393> S5 3 39550 O 3405 45 S 5 Ol Oljue Cll> )9l

5 S sl 9 83903 OS> (b Caow 4 o) JB S90Sl s O &S conl >

25 g0 303 FO 393> S )3 39250 OT Oljue Cll> (] )3 . 3ed s0 wlss OT jI S cubys 79
Cad b )3 3T o0 39290 JiF $98 S105 O &S > LI b d> 0 (ol
ST Jlade 39b g0 )5 S5l (4)) S mhw jl uses 9 (A99) oLS G050 51 > by O (ool

bl g0 300 PO D93> cl)) Cud b )0 S 5 59290



ol pae 313 9 39 00 S oo )35 Od Sl el G905 9 i Joo
S )9 Lf'L“ Olelw o ‘5’9 | u'.)Lw (s u.:,.b) U9 ”Lﬁ )_.l J> )9 L;:L@.:u' 9 4ol Olelw > DL;

PICiS p Sop0ds ol &S a3 Ol 1) (S eide T o b lsd s Cusb) Oljse
Cawl 2V o 3935 byl ol )5 SIS 5 39590 OT 305 .38

U S > S5 9 48y o Jl obS sulul pac 9 890 (S50 f 29y sl b
23 S 3 39590 Ol 30,5 390 ddlgs O L= 4 3B oLS S e Juds @ 19 d9 pla3l Sl

b o0 LVY/0 935 byl i opl



Caawl @515 (F5 p0 5y dhaiis 9 £l Cud b o OT Jlsie (Availble water) osls jw siws J6 O

Sedbise S OT LBl Cgemw a9 0 Ui

D9 09 8393 Oloj

09/26/2015 62



(Active transport) Ogldie B9y 95 3LS ygue Jodw cline (o e jl jolic 45 ol (sl 0

)15 3929 molic (Passive transport)

JES| gl oiid o3> olend 9 S

Vb= Guss 9 (P9d GJlge b U

- -

——

-
3 - -

09/26/2015 63



Jladps JED) ~1-p

Jito paic @b pl jl 2bL @bl 3959 Johw clie B 95 )5 (plowd) Cbile ol 5 S
3913 JUES! cubslB G b ol jl molic 4o JS Heb 4 .35,5

Joc Usls G2 b 31 3556 d) sledobes 13 39790 puolic b (4 ghw) S15 Jslne 53 35290 polic
95 4 sl ol (028 i puolic 4 02l b w3z puolic 4ll) 3ias plol 1) Lausm 5 plmls
(CO2Z J¥ouil) S S 3wl UL ¢ (559 ud) owlod LS 1 3 glins ploil G2 b



Soil particle surrounded by
film of water

Root hair

<
' = M Water
-] A available
. / .

T
"' S
PN

e

r'h:— =

¥...-*“‘* . &' \‘
- - ~
e '

s /

@ -

to plant

09/26/2015

65



Jledpe JED) -1-p

Gl D 70 4 G99 B0 95 L OJIId 9 pawly maie 95 obul> Jle Olgie 4
Eawll 45 bl S5 0,3 b wled Jd jui ddn) 90399 S5 0,5 (o O3> el ¢ owled Ul )
3 S0 O g0 bl 9 83905 LS p> polic (§ 2SS T Ol > dawy 4 OF9uD 9
Ol L o S0 b &5 S 0 adgs CO2 593 Huii L ol adu) «SuisSauwl JUsul o

L puwly 9 Jito S 2,5 4 0Jgsdud 4ol )3 03 8 juigy S S ] L3940 o0 JuSld S S Sl
D9 o0 JiLe din ) 0900 L O S 2 U b S s

CO2 + H20 —» H2CO3— H* + HCO3~

g g0 Lula R b b SO slog Vgese



Jledpe JED) -1-p

ol G”'L"" clie @9)39@9))65..»)) tfia).«SJl d)l.u&
S| e (0955 (gl 93 (S ol ($9 10
D950 DI SR paw (b )b 93 puaie jl gud )b So pais Gy (] Jd

35k 02 Candi b S o Bt sog O 3 45 Gl sl (SO Sl Usles Joo) 59 (sbas
b oslls W ogs ool 3)15 3529 3uwSe,S 9 Oliwd slaog,S RNA DNA (o pisg 0

59 o0 LA pidw OGS A o s S SO S



: Cell membrane

_— - e
A
~

Extracellular

09/26/2015 68



Jledpe JE) -1-p

2o youe ) 2138 jolic 393

YY) .)-M,é

09/26/2015 69



J@d J@il -p-p

299 o0 Eummndi )5 )91 9 YLE cdwoy s 4w 4 Jolweline sasas JWsl sl puig 2

3o kS jL 9 Jodw 0905 U Johw:line jl jolic JUl ( glie souns JUWS| by puiie o ol 4auby

Ll 3505 jwolie JlES! Cg> Jolu z)

load cud Cagz BUS 5 jwolic 9 3bb o ATP jug)sun 4 jls Loy G20b Jjl molic JUEs! sl

3355 o 4l Jlas JUissl Jleisl 5 Job ool 4 45 2SS o

ol 4l Jlod JUisl OLidanby oy ool ol



.
Ja@sd J@yil -p-p

o2 Jaguus YU OT 4 45 3iS oo Jugund 1) Laswlgine] (sl

e =

09/26/2015 71



lon Pump

pC OC 0 X
AU UL L
BAgniNghi

/X X X

09/26/2015

> ©

®

/

\

, -

<, =

== -
=/
c

L)

(H)
G, (H
A X X X4 ¢
gl 3
10 [ f
EXC N

® ®

High [ion]
Low [ion]
G,
lon Channel




Jisio 45 Cowl p3V obS 093 4 39,9 9 OT S Ushw 9 ddu) jl sgae Jl g 2138 polic 9 BOS:
G o9z syl b jl ol U cul obewslSe shls olS 09,5 jolie JUsl ¢l 45

)

Aol JUES! ol Cow 0 200 s

-

, il *

olS 1 )5 jolie Jlisl 9 olbwls o 550 slag s
(1
(2

(3

09/26/2015 73



s -1-

39 50 8340l ST JBu Oygo 4 olS s slacewwd jl OT 795

polic (59l> S Ughmo) OT 15 Ughome polic 5 (5320 3150 OT ol ped 4 5 OT L3> el oL G 25
D9 o0 (2132

392 2lgS jlien jui (2138 polie LA Cae puw Ao )3 ABL iy G0 Cas puw 43 2

et 31N ) &Sy 9 plule )08 0lS Y31 )5 45 w9 pamdS Al (5 molic JUESI s G 25 Jos

eluil OT (stomata) sbaijs) Ole jl G5 ediel Comd 9 Cusl G235 230s 9 ol plail S



.
8)as -1-p

S J5S55S Ola 3l 5 asdngl GBLSL G b I paiias paiess g Bl 5 S 1 T Sl oS lais

Grob Sl Milgige OT S goss Guized 358 b ossay ol € 25d 50 g T SSL

:3 94 o0 B30l 4S5 Sgui

.

(4

09/26/2015 75



s -1

b Rl ad) O Jewily 4 S 0 O Jausly 45 39b 00 el § o5

O 9t pu pEED (] )3 3w 50 395 Jlaie o ptdr 4 Aiu) U s S w OT Juwily BB b Jlo>
ol I3 1) Jlade o pitdon jub diu) bawgd T L3>
Q|).3.:.§34S.>g.)'o.:.b|9.">PﬁJSMLﬁo[o.bLg|))9)4JL,&JJ:&5=4¢JL:L»))9T9L?G$MQ@)&JUM)§|

Ll VL Ol O3> Oad od 0135l Olod 4 23L SVb G =5 adx o S a3 e OLES ) Scales

52 Jansly 9 4y jl 5 shie S o Jawily 9 SB I 5 ke 4y Ol Jawily 3 05 0 Oygo G5 S Sloj

338 5o piumai]l 4 S I OT QL2 S5 slwl el 45 sl S jl 5 shio



s -1

29U o Gl 3l Sl a3 92 O Jawily L 392 3algs j2eS G025 Ol e 3l jtioy 92 s Cugh) 43 12
] pilie Busms (lod Jl 2l U 9> o Cugh) 39 o0 CaBgio § =5 cduw o gLl Cl> 4 92 s Cugb) S

ow el el .>|)§G‘£J|.w 4> POV U Lo jwliol oub kol b )5 5 1 s Cugb) ($9) S (551 0 d9le Lo
Ve U o Lol a5 cul ol d303 ol Cde 59l o0 G5 SRR Celb a4 43,0 (pl Sl 9 2ad G5 Db
O3d i sl OT 1 w9 9y Oxd b Eacl a9ed 9 Ogig5 iy 3iibe LS I pawy 3 515 ke 42,5

b c0 o3l 3 5 a5 035k BU L gy jwi S Sile 425 PO o s> Slamed )3 3ed o0 U9,



s -1

el OT 09 302 9 2B 0 swldl ) G5 Do g pab LESBL O H9lroe o l9a duasd el 5L

o zo,s S 0 0391 03 &S o 4 Lol 505 Bk o8 0 G585 GRalS 9 L jg) Oad L
23S o O ) S jl O

D94 s0 B0 Db il 8l del plidg) 9 Gl i Lo ,ds SOUU s @25 Ood Olals jl ol o
(oSS o) sidsS OLLS sl VLS jl paws > Cwl by Js LGjg, Oxd jL Ol clde
390 3 i b > VLS (pl G925 Olise Jus Gued 4 5gd o0 JU b U 9 i Joy U L),



B)25 -1-W

ol oz, ys Ol 9 ).ub 'olia.b Lm.?).g QX M) Oyl solell 399 S| § 5 > ng?).a dju 9o c|o|)..3| cb.w
2BIS po G2 Dbl glabizte JiB ok (SiS 4o Ghlo OLALS s Ll plSia 4 9 Jaizo Gblis 2255

D9 g0 G20 DD LRl L ge i Gl LS 5 4Bl LialS Jluw S u b L 3529 uizen

$lo3 5 CdL jl 5o pid dbuod Sind bl QLS J3 S o slos 5 C8b .36 590 G =3 )d S u slacsl uwl)T
97 b o slan 0oz Wi o sl 2 b 2adbe pasud T JgSSsS 5 Caml Ogb so Gblio OLLS

A28 c0 G025 Ol juwo Jl L Jlade 4 yol pul 45 59 0



S 4 G5 Juol Julge jl L)y, gdy 9 slass
B 5 L)y, S G Cude dll) so98 Aduod 3T o0
¥ Sl OllS pamr Us Ul 292y G o
G r8 b yuals ccelb d g, yols oo pis
S o0, olS > GlUjs) S S sl Dgd s
Sr mri ghw > S)S g s Sy,

3513 )13 LT &6 )5 gy 9 Sid




09/26/2015 81



Blue light stimulates H " -ATPase proton pumps,
providing the membrane potential needed for guard
cells to import K* and sugar. As a result, water enters
by osmosis via aquaporin channels, The water-swollen

guard cells separate, opening the pore.

a) The process of stomate opening
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Closed stomate

At night or under conditions of water stress that
stimulate ABA production, K* and other solutes
exit guard cells. This causes water to leave,
deflating guard cells and closing the pore.
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P680.

D2.

B P680, two pheophytin
molecules, and two
quinones are bound
to two 32,000 MW
proteins known as D1
and D2.

Pheophytin molecules.

Plastoquinones.
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Chiorophyll molecules.

When one of the many photons of light
streaming into a chloroplast contacts a
chilorphyll molecule contained within the
light harvesting complex, energy is
transferred to the chlorphyll molecule.
The light energy becomes resonance,
or vibrational, energy in the chlorophyll
molecule.
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the P680 molecules.

The resonance energy generated by the photon is
channeled through several chlorophyll molecules in the
light harvesting antenna complex until it finally reaches
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Once P680 has absorbed the energy from a photon of
light, it releases an electron. The electron is then passed
to a pheophytin molecule. From there the electron moves
o to plastoquinone Qa, and finally to plastoquinone Qb.

’

Pheophytin molecule.

-
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Oxygen-evolving
complex.

Iin order for PE680 to strip two electrons from H,O,
a second photon of light is required. The light
energy from the photon is again tranferred through
the light harvesting complex (LHC) until it reaches
the P680 reaction center.
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After absorbing the energy released
by the second photon of light, P680
releases another electron. Again the
electron is tranferred to plastoguinone
Qb.

Oxygen-evolving
complex.

Pheophytin molecule.
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Once plastoquinone Qb is fully
reduced, it dissociates from its
binding site in the Photosystem
Il reaction center. Qb will then
diffuse through the thylakoid
membrane until it reaches
the cytochrome bgf complex.
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P680 is the strongest biclogical oxidant known.
That feature allows it to split water molecules. One
H2>0O molecule provides the two electrons needed to

fully reduce Qb. However, two water molecules must
be reduced to formm molecular oxygen (O5).

Oxygen evolving
complex.

The splitting of water is catalyzed by a three protein
complex known as the oxygen-evolving complex. Here
we see the second water molecule being split by the
oxygen-evolving complex.
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Once four electrons have been
removed from two water molecules,

a single molecule of O5 is formed.
This is the oxygen we breathe.

The bound manganese (Mn) ions cycle through five
different oxidation states. The cycie follows the splitting
of two H;O molecules into four protons, four electrons,
and one O, molecule.
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TABLE B.1
Reactions of the Calwvin cycle

Enzyrme

Reaction

1.

2.

10.

1Ta.
11
12.

Ribulose-1.5-bisphosphate carboxylasefoxygenase
3-Phosphoglycerate kinase
NADP.glyceraldehyde-3-phosphate dehydrogenase
Triose phosphate isomerase

Aldolaso

Fructose-1.6-bisphosphatase

Transketolasa

Aldclase

Sedoheptulosa-1, f bisphosphatase

Transketolase

Ribulose-S-phosphate epimerase
Ribgse-S-phosphata somerasa
Ribulose-52-phosphate kinase

& Ribulose-1.5-bisphosphate + 6 00, + 6 H; O —
12 (3-phosphoglycerate) + 12 H*

12 [(3-Phosphoglycerate) + 12 ATP —
12 (1.3-bisphosphoglycerate) + 12 ADP

12 (1.3-Bisphosphoglycerate) +« 12 NADPH + 12 HY —
12 glyceraldehye-3-phosphate + 12 NADP* « 12 P,

S Glyceraldehyde-3-phosphate —
5 dihydroxyacetone-3-phosphate

3 Glyceraldehyde-3-phosphate + 3 dityywdroxyacetone-
3-phosphate — 3 fructose-1.6-bisphosphate

3 Fructose-1,6-bisphosphate + 3 HaO — 3 fructosa-
G-phosphate + 3 P,

2 Fructose-6-phosphate + 2 glyceraldehyde-3-phosphate —
2 erythrose-d4-phosphate + 2 xylulose-5-phosphate

2 Erythrose-4-phosphate + 2 dihydroxyacetone-3-phosphate —s
2 sedoheptulose-1.7T-bisphosphate

2 Sedoheptulase-1.7/-bisphosphate + 2 HaO — 2 sedoheptulose-
T-phosphate + 2 P,

2 Sedoheptulose-T-phosphate + 2 glyceraldehyde-3-phosphate —
2 ribose-5-phosphate + 2 xylulose-5-phosphate

4 Xylulose-5-phosphate — 4 ribulose-5-phosphate
2 Ribose-5-phosphate — 2 ribulose-5-phosphate

B Ribulose-5-phosphate + 5 ATP — B ribulose-1.5-bisphosphate +
6 ADF + 65 H*

Net: 6 CO; + 11 HyO + 12 NADPH + 18 ATP — Fructose-6-phosphate + 12 NADP* + B H* + 18 ADP + 17 P,
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FIGURE8.4 The carboxyla-
tion of ribulose-1,5-bisphos-
phate by rubisco.

bRl il 9 b et

-

Carboxylation Hydrolysis 'f"zo"os'
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= | [ feser| | |0
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| I H—%—OH  "Lower”
5CH,0P0,% CH,0P0, %

séuzopof-

2-Carboxy-3-ketoarabinitol- 3-Phosphoglycerate
1,5-bisphosphate

(a transient, unstable,

enzyme-bound intermediate)

Ribulose-1,5-bisphosphate
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Making Sucrose for Transport C-C-C-P, aldolase

Se=—
cytosol PGAL w
- P-C-C-C-C-C-C-P
fructose-1,6-bisphosphate
chloroplast C-C-C-P ettt tal el
stroma PGAL P; i

CEC-CGC G P
fructose-6-phosphate
hexose
glucose-fructose-P / phosphate
sucrose phosphate sucrose a Sucrose isomerase
phosphate
UDP e phosphatase C-C-C-C-C-C-P
phosphate glucose-6-phosphate
synthase
Ppi UTP phosphogluco-
= C:C-C-CG-C-CG-UDP 2 mutase
UDP-glucose GG GG C-GP
UDP glucose glucose-1-phosphate

pyrophosphoryiase

09/26/2015




SO 9 Cawl 39590 ¢ jW ) gimdg p 3SJIS-UDP (a5 ol ol comwl Sl j e jitiw > 45 a1
7 9599 L a5 5S o jSIS-UDP sy 45 335 0 Juaio Oliwd ) jSl5 (Olawd 4 UMP
oled g0 Dliud 935 9,5 5S IS 3udgi 9 9 oo S 5 jliiaw Olid S Le o 35T bawgs Oliund
JISLe 9 13z Olawd j9359,0 SIS Sl Oliwd 89,5 jbilawd Olawd jySle @ 5T 51 s Cules 4o
Uy o pSing Blw) 3)lge S0 23 b 9 0ad 39 JB 9 Joo sl EOT @ Sl 00 45 3900 g5

33,5 390 Sl pu35 (sl JisSly 4 (35 ik



¥ 3T S 095 UsSdge b Ldis b 9 (8 jhosiwd Guaw cliwd V¥ il oS 9 3un (55 (Y
Oliwd guw & 9 ) joS9,8 ddgi cacl 9 0o JUIS VoIl lwgs LisSly (ol 45 dgd g0 Olind
(V=Y Jga= O LisSly) 55,5 o0

S9ib g0 julg sl Olawd § 595598 4 9 )15 45,2 > G2uS Cumlgo SO Olawd Huw £ 9 ) jgiS 99 (W
223 g0 Ol RSy jVeS Gai i o 35T L OT Sl g 45 (1 -F Jgaz & iaSly)

JsSge Omogw 4 jVsiS w5 @b Jl (Olawd 7 j9iSg,8 C-2 9 C-1 ) 4,8 93 s2ly SO (F
V JiiS19) 9o B Olawd O HebS 9 Olawd g ml 4 g oad Jitie liwd ¥ 5T junlS

(1=-Y Jg>=>



O gl (S 9 3ud (53) Oliwd jga 5 jl polez JgSdge SO b VesdT G2 b I pugw ©lind ¥ g0 )1 (0
-V Jdoa= A U“‘S|9)‘>9"‘“’L$‘° S ) Olawd o Y g ) )9-'9-»-&9»» Lo S Caany 338 ddgi sl o (Wlaws VW
()

Jd9san Olawd V jolgidgamw 4 Hold jUlawd SO Gob jl e 4SS Cdd Olawd Guw ool (2
(V=Y Joa=> 4 LaiSl9) 39ib o0

G2 b Jl Slad ¥ 25T juandS (03T 9) pomiy JsSUgo 4 4 S 93 3>ly S Slind ¥ jglgian g (V
(V1=F Jgaz ) o (2uSTl9) 38 oo 3dgd Olawd O gk 35 9 Oliwd O jgu s 9 03905 I3l jYgiS w5



ol Oland O jolgm) S buwgi Olawd 8 jelon ) 38 JgSdgo 95 4 Olawsd O ol 55 JsSdse 95 (A
(V=Y Jga=11Db jruSlg) su g0 JuSuios jlpog jol Olind O gy

23 983905 IS 1) ATP U 0liwsd 0 jolgn ) Ogawllysiund jluS Oliwd O jolgu ) 2 5T cules 4> (3
S9i g0 ddgi Oliwd juw O 9 ) Jgden) i LS dsg0 adsl CO2 a3 03 JsSdge 4w sjlwjl doms
(1=F sz | ¥ iaSls)



polit] dwlis 9 j)BLe 5l Oliwd jou b jl el S LS 45 B30 OlES ollS 45,2 (5 09aS siul
ATP JsSJso 4 9 NADPH UgSUgo & 4 jl (Olid Va5 undS) CO;, jl 40,8 dw 338 b jitiaw .39 o0

353 )5 o0 ol (S i gid (595 sla STy jl 45 5l

I8 Olawd jgo 5 J315 )3 Sliwd ol 45 228 Dlawd 9 ADP & o35 ATP JgSUgo 4 )l SO a5, ol o
35lg5 g0 Dlaudg s A 45 3598 g0 Dlamdg s 9 ADP JgSlo A 4 Jas ATP JsSUge A Lol 398 o0 2315
S 3loo (3L ADP Sy byl i cpl 43> 45 35jles )55 ATP UsSUse A 9 o2d 4wilssS ADP A L Isaz
O ol i 5 ol 4 9 33,5 Jiitie Gl IS J21s 4 Oland gy 5/P1 5,5y (Sl G2 b JI Plag S S5
Sgd o el )8 a3 B uao ATP 9 45 o O gaxs

5ol 5 sl Lglhe 31l 425 FO b 4 3L oo S2ul8l Los b ol pod o slS 45 52 53 by 2Ty cac puw
b o A STy G juw coun ) 0 420 VY W s &S



09/26/2015




09/26/2015 186



9 gl 9 2, (C3) d,S dw juiwgd o LS plos 45 2 o yguad iz 195+ 425 bulyl U
LS 13 CO, i jl s 45 slodke sl 45 353ud 4> g0,k (59 o (powd 1 455 Jlw > Sl

5525 pomno &30 | 4 2l s Cansl Sianl ST dl b 5 4 )S oz Sl Sy 39 g0 5L
b asliy CO, cwss sl o
il Ay SO hwy (s3991 s ,a C4 glals 5 .cwl oglie C4 L C3 plals S p plasle

SLUsks buwgi ea 53591 BUE (pl 9 Cuwl 23 dblal (5259T BUE pb 4 condil)ly S sUgkw
35295 50 Jisle b 09561 CA lals S jlisle opl 4 .35losd dbll Judg jo piSgS



Comparison between C, and C, Leaf
C,dan C,

09/26/2015




: 4S Cawl O 00 ol 4 C4 LS ;5 CO; Cusds o

ST 3wl 3455 9 238 S 5 COZ L (PEP) Wly gy Ugialsinnsd 1ozl OLALS ol Judg o sladshs )
U o j1Sly pl 45 35S oo SOkl sl (Sle ] (Sl gl ST sl 35l 4 S le=
S S 50 D900 jYansS 51 ,SPEP @ 551

39 0 Jiio 63591 BU Sladshw U LULows gowly G2 ,b jl 02 g5 4 S F sl (] Guaw
RS 45,2 3)ls CO, ol 9 335 0 31T 1) 395 CO, 40,8 € syl opl 63591 BUe sladghw 4>

3940 g0



Zawl C3 9lalS ik a2 4 d> o (w0l I CO; s 45

2% dudgi Oilg pu 45 D9 o0 Joauwd Olg s L 831y Cuws jl 1) 595 CO

-

22b (PEP) Ol pn Jgis] ghud 4

09/26/2015 190



Mesophyll
cell

Bundle
sheath cell

Vein

CO ; diffuses into the mesophyll
cells from the nearby stoma,

Fixes carbon, but has no
rubisco and does not employ
the Calvin cycle.

Pumps the 4-carbon compounds
through the membrane at the
expense of ATP.

Maintains CO; level 10-120x higher
than normal.This optimizes the

use of the rubisco and less of it
needs to be made.

Calvin cycle used to fix CO, in this second
stage of the process. Rubisco protected

from oxygen, so no photorespiration
occurs.
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into four-carbon
organic acids
(carbon fixation)
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release CO, to
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Triose phosphate Trioze phosphate
(@yceraldehyde-3-phosphate) +  (Dinydroxy acetone
(3C) phosphate)
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2 Trioze bisphosphate

(1.2 bisphosphoglyceric acid)
(3C)
ADP

"ATP
2 Trioze phosphate
| (3-phosphoglyceric acid)
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kY]

2 2-phosphoglycerate

2 phosphoenolpyruvate .
ADP 0‘0
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Figure 14.2 Major pathways of anaerobic
respiration
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Malic enzyme
decarboxylates malate to
pyruvate and enables
plant mitochondria to
oxidize malate.

Isocitrate dehydrogenase

Succinyl-CoA synthetase

One molecule of ATP is
synthesized by a substrate-
level phosphorylation
during the reaction
catalyzed by succinyl-CoA
synthetase.
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Three Primary Meristems
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(a) Development of a
‘ male gametophyte
{within pollen grain)

{b) Development of a
female gametophyte

“

Pollen sac
(sporangium)

Antipodal
cells (3)

Polar
nuclei (2)

Egg (1)

MITOSIS

Male
gametophyte
(within pollen
grain)

(oes oAlque)
a)fydojoweb ajewa4
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Stigma

Pollen tube

2 sperm

Style

Ovary
Ovule (containing female

gametophyte, or embryo sac)

nuclei about to ——
be discharged

Endosperm
nucleus (3n)
fertilization <
occurs Zygote (2n)
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Ovule

Endosperm
nucleus
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Terminal cell

S i
Zvgote % — 8 P Root apex

Basal cell Suspensor

Endosperm
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Seed coat .
Plumule
T Radicle

{a) Common bean

Seed coat
Endosperm
Cotyledons
P Shoot apex
Hypocotyl
Radicle
{b) Castor bean

Scutellum
(cotyledon) x_x--"

Coleoptile —___

Plumule

Coleorhiza

{c) Corn
Copyrighl & Paarson Education, Inc_, publishing as Benjamin Cummings.
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