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Part 1: Water and Plant cells

* 95~5% water content
vegetative, storage tissues: 80~95%
xylem: 35~50%
seeds: 5~15%, mucilage

* 500 g H,O / g organism of plant

Less than 5% of the absorbed water is actually retained for growth
and even less used in biochemical reactions

* Absorb vs. lose water:
Absorption (=z): major via root (~97%), take up soil minerals
Transpiration (#%%): occur in leaf, dissipate the heat of sunlight
Photosynthesis: occur in leaf, CO, uptake
— Even slightly imbalance........
* Water movement at cell level
— chemical properties and physical forces



§ The polarity of water molecules
* An excellent solvent for ionic substances

— hydration shells (-k & %) formation
* Transparency (%)
* Hydrogen bond
— high specific heat: buffer temperature fluctuations
— high latent heat of vaporization: regulates plant’s temp.

light
absorb ca. 50% solar energy, 300 um H,O —— 100 °C / min

* Hydrogen bond
cohesive and adhesive properties oA
cohesion (R %4 ): o L T
the mutual attraction between H,O molecules, =
to minimizes the surface area at air-water interface — most stable.
surface tension (% & % # ):
the energy required to increase the surface area of air-liquid
interface
adhesion ("% 4 ):
the attraction of H,O to a solid phase
= cohesion, adhesion, surface tension
— capillarity (* 3R %)

Surface tension of several
liquids at 20°C (N/m)

1% gelatin 0.0083
Ethanol 0.0228
Phenol 0.0409

Water 0.0728




(A)

N\, _6<90° < soli
—H,0 T} O solid surface through the

‘ liquid to the gas-liquid interface

, “Wettable”

in clean glass
Vo 0 >90°
/\ H,0 /«1 s
- (taro)
! Hydrophobic substrate ‘

Capillarity ®

wettable 6 =140°

cohesion<adhesion cohesion>adhesion

PLANT PHYSIOLOSTY, Fivurth Esition, Figure 15 © 2000 Sier Associes. e

* Hydrostatic (7 1# 4 ) pressure

— Positive hydrostatic pressure: push
Negative hydrostatic pressure: pull
tensile strength (tension > 5 # )

The Max. force per unit area that to break the water column
the tensile strength of water column: — 30 MPa

If have air bubble? / cavitation in xylem

P A )

1 atmosphere = 14.7 pounds per square inch
=760 mm Hg (at sea level, 45° latitude)
=1.013 bar
=0.1013 Mpa
=1.013 x 10° Pa

A car tire is typically inflated to about 0.2 MPa.
The water pressure in home plumbing is typically 0.2-0.3 MPa.

The water pressure under 15 feet (5 m) of water is about
0.05 MPa.



* Osmosis (;%i%):
the diffusion of water

selective

Membrane, .. *
/ .
¢ ® J
Sreitale

PreTure Osmotic pressure

(+)

Reverse osmosis (RO)
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§ Water potential (¥,, , "k %)

—the free energy of water per unit of volume (J m=3)
—agood overall indicator of plant health

The water potential of solution is dissected into three components
* Osmotic potential (¥,) <> osmotic pressure
¥, =-RTC,, C, is osmolality (mole/L H,0O)
—independent of the nature of solutes
—ionic solutes (dissociation) e.g., sucrose, NaCl
* Hydrostatic pressure potential (%)
positive hydrostatic pressure: turgor
negative hydrostatic pressure: tension
pure water in standard state: ¥,=0
* Gravity (¥,)
HAESar O

At the cell level: ¥, =¥ +¥,

Plant in space

Water potential
— evaluate the water status of a plant

Physiological changes
due to dehydration:

Abscisic acid accumulation ‘
Solute accumulation ‘d

Phatasynthesis
Stomatal conductance
Protein synthesis
‘Wall synthesis

Cell expansion

-0 -1 -2 -2 -4
Water potential (MPa)

Pure water Well-watered  Plants under  Plants in arid,
plants mild water desert climates
stress

* ¥ of atypically well-watered leaves: — 0.2 ~ — 1.0MPa;
the leaves of plants in arid climates: — 2 ~ - 5MPa.



Cactus stem:
outlayer: photosynthesis
inner layer: water storage,

larger size and thinner cell wall = more flexible walls

During drought:

Inner cells:
[soluble solutes] ¥, polymerization
[nonsoluble starch granules] T
="

= water enter into outlayer cells,

maintain photosynthesis




Part 2: Translocation (3 #) in plants
A:in xylem (# %)

Water — soil - plant - atmosphere

;Leaf air spaces
(Acpn)

major driving forces

Across root
(awy,)

4 '

Y, is minor, except salt soi

§ Root pressure

Root pressure: (+ 0.05 ~ 0.5 Mpa)
— The stem of a young seedlings is cut off just above the soil...
— Root absorb ions which are transported to xylem

=y, vy, ofxylem{

= root pressure T

occur when soils ¥, are high and transpiration rates are low



§ Water transport through xylem R o

e NoSy
* The longest, simplest and most low e/ eyt s e AL . O
resistance pathway O —— e "L'TI:;\_J;‘L\_‘
trans-Cinnamic scid Wt
* Also transport dissolved minerals, and, on A s J._.;;,.J._.
occasion, small organic molecules o N
p-Coumaric acid
* Mature xylem is a grouped ‘dead’ cell, no ,‘i/.wm«\\ S
membranes, no organelles, and remain S e
p-Coumarayl-CoA

the thick, lignified (# % i) cell wall,
which form hollow tube

Ce-C,
* Consists two types of tracheary elements:
(a) tracheids (L3 #)
(b) vessel elements (¥ )

Long-distance water transport:
Volume flow rate (m?3/s)=
(nr#/8n) (A¥,/AX)
the rate of transport
= Jv (m s) = (r?/8n) (At,/AX)
Jv=4x10°m st
r=40 um
n = 10 Pa s water
At JAx = 0.02 MPa/ m

If 100 m huge tree:
100 x 0.02 + 100 x 0.05/5 = 3 MPa




§ The ascent of xylem water on huge trees

* Root pressure:
* Capillarity
* Cohesive-tension theory
Venation (% ¥) pattern:
vein
minor vein: 0.5 mm

Capillary rise
(2zrcosa) ¥y = wr*hpg
20°C

7=0.073 N/m

0=998 kg/m?3

g=9.8 m/s2
Ifr=40um h=0.75m

Cohesive-Tension theory: the predominate driving force

Cell  Plasma
wall mu}nhrane

Y= 2T /r

air-water interfaces

Chloroplast —
Cytoplasm —

Cellulose
microfibrils



§ The physical challenges of water movement in the xylem
* Air seeding
* Cavitation (gas bubbles expansion) or embolism (gas-filled void » %)

gas bubbles expand under tensile forces, break the continuity of

water column and prevent water transport
Acoustic shock

§ Plants minimize the consequence of
xylem cavitation

* Detour (%:f )around the embolized conduit
* Dissolve gas into xylem solution
at night, transpiration | , solubility 4
* New xylem formation
* Repair cavitation (?)

J  cavitated
¢ tracheid

§ Water movement from the leaf to atmosphere

* Transpiration (#4%%): loss of water from plants occur through pores in the leaf

ﬂ * Transpiration rate :

PO — J E= Cwy(leaf) — Cwv (air)

'-Tulmt-- . 5t
AA A difference in water vapor conc.
‘ “ *r,: leaf stomatal resistance
(biological factor)
*r,: leaf boundary layer resistance
(non-biological factor)
wind velocity, anatomical and
morphological aspects

FIGURE 4.10

90~95 % stomatal transpiration



Guard cells:
a pair of specialized epidermal cells, which surround the stomatal pore

K* in; water in

stimulus: light

. stimuli: dessication

7% high leaf €Oy
low turgor stoma closed  © K* out; water out . high ’“WOFS’OHIH;Ip.q.l-f-

_ w
I 25 Stomatal aperture 1ss A 2.25 g
£ 8 2
-l das 3 s g
E g
{35 3 =
§_ 151 Sucrose g - 1.25 g
y {25 & a
2 10F s ¥ FO75 g
3 l g
< =

5 T PR R L 45 L 0.25
2 283232382828 8 !

MEeE 282 2288

§ Leaves must dissipate vast quantities of heat (Temp.)

light
absorb ca. 50% solar energy, 300 pm H,O0 ——— 100 °C / min

Energy input Heat dissipation
* long-wavelength radiation

(1000 nm)
* Sensible heat loss

* Evaporative heat loss (latent)
perspiration
Bowen ratio:
sensible / evaporative heat loss
Desert plants: 10
Tropic rain forests: 0.4

Sunlight Long-wavelength
absorbed radiation

Conduction
and convection
to cool air

(sensible heat

Evaporative
cooling from
water loss

FIGURE 9.14



§ Mineral nutrition Hoagland solution

TABLE 5.3
Composition of a modified Hoagland nutrient solution for growing plants (Part 1)

Volume of
Concentration Concentration stock solution Final
Molecular of stock of stock per liter of concentration
Compound weight Luti Luti final soluti Element  ofel
£ mol™ mM gLt mL it ppm
Macronutrients
KNO, 101.10 1,000 101.10 6.0 N 16,000 224
Ca(NO,),-4H,0 236.16 1,000 2360.16 4.0 K 6,000 235
NH,H,PO, 115.08 1,000 115.08 20 Ca 4000 160
MgSO,-7H,O 246,48 1,000 246.49 1.0 r 2,000 62
=) 1,000 P
Mg 1,000 24
Micronutrients
KClL 74.55 25 1.864 ] 50 1.77
H,BO, 61.83 12.5 0.773 B 25 0.27
MnSO,-H,O 169.01 1.0 0.169 2.0 Mn 2.0 011
Zn50,7H,0 287.54 1.0 0.288 Zn 20 013
CuS0,-5H,0 249.68 0.25 0.062 Cu 0.5 0.03
H,MoO), 16197 0.25 0.040 Mo 0.5 0.05
(85% Mo(,)
NaFeDTPA 468.20 64 30.0 0.3-1.0 Fe 16.1-  1.00-
(10% Fe) 537 3.00
MS/B5...

Transporters




* Plant via roots absorb mineral nutrients, primarily in the form of
inorganic ions from the soil, act as a “miner (#1)”

* To recycle animal wastes and remove deleterious minerals from
toxic-waste dumps — phytoremediation (£ 4

LER s Y
£ & HHiEH (metallophytes): mw p F ~ ¢ wF - T EF2 I LFE
Pen: LF%Eeehird 2 5

ELE

SMAERRE U SR SRR ¢ — - MRS A . B
f-= L . N

§ Mycorrhiza(e) (12 i+ 2 )— are not unusual
* fungus (supply nutrients and water) and root (supply carbohydrates)

* in cabbage, spinach, macadamia nuts, aquatic plants

* Absent in very dry, saline, flooded soil or the fertility of soil
Is extreme, either high or low

* To facilitate nutrient uptake

* Ectotrophic mycorrhizae (*t 2 )
Vesicular-arbuscular mycorrhizae (% % $4<# )

— nitrogen-fixing bacteria
— Herbicide (33 #l)



Ectotrophic mycorrhizal fungi

— A thick sheath (&) or mantle (#} %) of
fungal mycelium (3% 48) around the
roots, and some of the mycelium

penetrates between the cortical (& & <)

cells.

FIGURE 5.10

Vesicular-arbuscular mycorrhizae

— No mantle. The hyphae (5 $:) even
penetrate individual cells of the
cortex and can form vesicles and

arbuscule.

FIGUIRE 5.11

B:in phloem (& & %)

* Root: anchor, absorb water and nutrients; absorption
Leave: absorb light and exchange gas; assimilation (F i*)
efficiently exchange via long-distance transport

* The long-distance transport pathways:
Xylem: transport water and nutrients from roots to aerial portions
Phloem:
mature leaves (sugars)— growth and storage portions (Phalaenopsis)

redistributes water and various compounds
transmits signaling molecules such as hormones, proteins and RNA.



Materials translocated in the phloem
Water: the most abundant substance
TABLE 10.2

The composition of phloem sap from castor bean
(Ricinus communis), collected as an exudate from

Sugar-rich sap cuts in the phloem
Component Concentration (mg mL™")
Carbohydrate
Sugars 80.0-106.0
Sucrose Amino acids 5.2
(0.3t0 0.9 M) Organic acids 2.0-32
Nitrogen irfiteir:n 1;1;;2&0
otassium - X
Asx (Asp, Asn) Chloride 0.355-0.675
GIx (Glu, Gln) Phosphate 0.350-0.550
Magnesium 0.109-0.122

Source: Hall and Baker 1972.
— RNAs: mRNA, pathogenic RNA, small regulatory RNA
— Plant hormones, including auxin, GAs, sytokinins, and ABA
— Proteins (proteomics analysis, 2009)

Phloem:

& living cells, nonlignified walls

& sieve element: directly involved in translocation
sieve tube element (angiosperms)

& companion cells (¥ sn%)
functions: to supply energy,
to transport the photosynthetic
products, take over (% % ) some
of the critical metabolic functions,
such as protein synthesis.

Lack:
. R . = Smaath || Companion
nuclei, Golgi bodies, endapimmic ——7
ribosomes Cytoptasm—— U Samacesmot
Retained: - f*w
|y 3 =~ Chloreplast
mitochondria, plastids ey S0 e

" Mitachondrion

smooth ER e[



§ P-protein (slime): rich in phloem
are synthesized in companion cells
along the periphery of the sieve tube element, or evenly distribute in the lumen

P-protein (body): the major function is in sealing off damaged sieve elements
— short-term solution

§ Callose deposition — long-term solution
a B-1,3-glucan
is synthesized during damage and other stresses, such as mechanical
stimulation and high temperature and dormancy
callose disappears when the damage is recovery or break dormancy

Callus (7 £1 * 7 & 2.5)

The translocation patterns of phloem

0 is not exclusively either an upward or downward direction

irrespective to gravity

O Source (& ik): area of supply, an exporting organ

mature leaves, storage root beet (Beta maritima)

Sink (7T ##): area of metabolism or storage, a receiving organ
nonphotosynthetic organs, root and shoot apices,

young tuber, developing fruits, immature leaves

O Not all sources supply all sinks on a plant

— certain sources preferentially supply specific sinks

plasticity

10



The features of source-to-sink pathways
a. proximity
b. development: vegetative or reproductive stage
c. vascular connections: orthostichy ()
d. modification of translocation pathways: wounding, pruning

Sugar beet plant

Oncidium

a sympodial (4 & )
and epiphytic (¥ 2 ) ,
orchid

11



Partd: Potosynthesi
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§ Photosynthesis: the light reaction

y Total solar energy

= [ (100%)
Solar output
T 15F
E Nonabsorbed wavelengths
TE Energy at Earth's surface becs)
i 1.0
€ Absorption of
= chlorophyll
E Reflection and transmission (8% loss)
05 2%
Heat dissipation (8% loss)
24% fluorescence
1
400 800 1200 1600 2000
Wavelength, A Metabolism (19% loss) >
I m
Visible
spectrum arbohydrate
FIGURE 7.3 iWEES2

Algae’s pigment




Emerson:

& Red drop effect & Enhancement effect

Far-red light alone is insufficient
in driving photosynthesis

Accessory > 680 nm
pigments

Quantum yield
0.1 i 2

_— Absorption

0.05 spectrum

Relative rate of
photosynthesis

Quantum yield of
photosynthesis

il

' S N o

1] 1 I
a0 500 500 700 farred Off Redlight Off Bath off
Wavelength (nm) light an on lights on
Time
—— Visible spectrum ——— & FIGURE 7.13
FIGURE 7.12

= Two photochemical complexes

Z scheme: noncyclic electron transfer in photosynthetic organisms

* Consist of four major protein complexes:
(1) PST; (2) cytochrome bgf complex; (3) PST ; (4) ATP synthase

* The primary source of electrons: the oxidation of H,O
The final electron acceptor: NADP*

-2.0 F Ié)
.
& .
15{ " RS,
FesS,
* ety '
*ra, ®
10 . FNR
. i
ol cyclic e-flow [wor
05 . y T . iy
@ Ciochiome ATP-synthesis, [riApeH
Qy complex o
o a T‘m, - _|}-10 NADPH formation
5 e .
b -
i 0s - Ho tl. g A
The major source of PR > Light

0O, in earth

[ongen]
ol |evotina| @
comples.y, Light
7 G -
Photosystem Il

FIGURE 7.1

Photosystem |




Z scheme
Trends in Plant Science (02) 7: 183

(2H30 + COg —»= CHy0 + Oy + Ha0)

3ATP, 2 NADPH, O,/ 8 photons / 4 e

Hill reaction (1937)

& an artificial electron acceptors in isolated chloroplast thylakoid

No CO, condition, still O, production

4Fe¥ +2H,0 % 4Fe? +0,+ 4 H

% CO,+ 2 H,S — (CH,0) + 2 S + H,0
H,180 + CO, — (CH,0) + 180,

(1) CO, + 2 H,0 — (CH,0) + O, + H,0
(2) CO,+ H,0 — (CH,0) + O,




Wavelength of light (nm)

400 500 600 700
T T T 1

Aerotactic bacteria Splflf ogyra
ce

S 0 Spiral
Sarkieivig chloroplast

O, evolved =

! Light
/ Late 1800s
FIGURE 7.9

Three light parameters:
spectral quality, amount, and direction

& Spectral quality

— Light sources: sunlight, incandescent light,
fluorescent light, light emitting diode

— photoreceptors
Phytochromes (%74 ) for red light
Cryptochromes (*£ ¢ %), Phototropins (+ % %),

Carotenoid zeaxanthin (% 3} § %) for blue light w ©

& Spectral amount ﬂ H ﬂ ﬂ
— Light compensation point (44 /¥ Bt): the photon
flux when photosynthetic CO, assimilation equal '
to CO, release by mitochondria respiration P \\
— Photoinhibition (3% #r+#{): absorption of too \E\ \ @
much light




& Lux (7 F?) or foot-candles (*k % 3k):
— lumen (Im): the luminous flux on a unit surface, all points of which are at
unit distance from a uniform point source of one candle.
— intensity was expressed either as foot candles (Im ft2) or lux (Im m2)
— based on the perception of light by the human eye, which is maximally
sensitive to light within the green region of the spectrum, at 555 nm.

& Photosynthetic photon flux density (PPFD)

— Under direct sunlight 2000 pmole ms™!
— Photosynthetically active radiation (PAR): 400-700 nm

3
o
I
o
r
s
]
n 0
s
i
t
i
v
i
t
¥

£ 3t (photometer) £ & F A S o
(quantum sensor)s A& Instruments/calibration

Ecological functions

Photon flux density

(umol m2 1) R/FR? Red/far red

Daylight 1900 1.19
Sunset 26.5 0.96
Moonlight 0.005 0.94
Ivy canopy 17.7 0.13
Lakes, at a depth of 1 m

Black Loch 680 17.2

Loch Leven 300 3.1

Loch Borralie 1200 1.2
Soil, at a depth of 5 mm 8.6 0.88

Source: Smith 1982, p. 493,

Note: The light intensity factor (400-800 nm) is given as the photon flux density, and phy-
tochrome-active light is given as the R:FR ratio.

9Absolute values taken from spectroradiometer scans; the values should be taken to indi-

cate the relationships between the various natural conditions and not as actual environ-
mental means.




§ Photosynthesis: Carbon reactions

& dark reaction — carbon reactions of photosynthesis
& take place in stroma (z §)

Thylakoid
membranes

CALVIN-
BENSON CYCLE

NADPH

ATP

(stmm)

40% CO, fixation was derived from marine phytoplankton

Calvin-Benson cycle: 1961 Nobel

Ribulose 1,5-
bisphosphate

C3 plant
S-Hsosphogrwmlt\
T B
5s
+
Triose phosphates @ LA ..
(Glyceraldehyde 3- -
hosphate
3 + 60s .
dihydroxyacetone @R +® |NaDP
phosphate) .
Starch (chloroplasts) . .
sucrose (Gytosol) T Light regulation

Sucrose (phloem)—s Growth,
storage polysaccharides




Photorespiration (&= £x) — a wasteful process

CHLOROPLAS —

Ribulose 1,5-bisphosphate
CO; j Glutamine .\
3-Phosphoglycerate Glutamine /'iliP
Ha o Synthetase \\( ATP\,
-ooc” o~ Glutamate'/ o
Phosphoglycolate
H:O»\
Pi-/ . .
PEROXISOME MITOCHOMDRION [ C2 oxidative .
i photosynthetic carbon
H cycl
(e ycle
-00c” o
Glycolate
02
Hz02
H NHs* 1XC02+ 1x3C
|
C
-00¢” 0 (% ©)
2x2C Iyoxyl 2 Glycine 7
NH3 Serine
= 6
[gas] uM =P  x a x 10°% V,

In vitro vs. In vivo

P, partial pressure; o: absorption coefficient

Solubility of CO, and O, as a function of temperature

[CO,] [0,] (0]
Temperature (LM in (LM in 2
(°C) o. (COy) solution) 0.(0,) solution) [0,]
5 1.424 21.93 0.0429 401.2 0.0515
15 1.019 15.69 0.0342 319.8 0.0462
25 0.759 11.68 0.0283 264.6 0.0416
35 0.592 9.11 0.0244 228.2 0.0376

9.11/21.92 (41%)

228.2/401.2(56.9%)

TT = tilt toward the C, oxidative photosynthetic cycle
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Photosynthesis rate (Max.) >> Photorespiration rate > normal respiration rate

[chloroplast] [C, M, peroxisome]

[mitochondria]

§ The C4 photosynthetic carbon cycle

— Kranz (wreath) cells:
present mesophyll (¥ # ) and
bundle sheath (& ¢ & #)cells
spatial (3 & ¢n)

— concentrating CO,, little
phosphorespiration

{B) Kranz anatomy
i & ______-._D_:": i T Mesophyll
L e 1 v cell

L7

A e

Bundle
+ sheath cell

Vascular
bundle

(A)

Mesophyll
cell

Plasma
membranes

Bundle
sheath cell

Vascular
connection

Kranz anatomy

Atmospheric CO,
G Cy
1 J
r R
Cco,

Sucrose
=
Sucrose




% Single-celled C4 photosynthesis

co, Borszczowia

aralocaspica

Bienertia cycloptera

Cytosol Cytosol

(external (external

region) region)
2

Cytosol »- Cytosol
S [diﬁysion (diffusion
J7) barrier) | barrier)
m

Cytosol Cytosol

(vas_cular ‘ (vascular

region) —_l region)

Importance!

§ Crassulacean acid metabolism (CAM » # = f& i 3#)

Cacti, pineapple, vanilla, and agave. .
Spatial and temporal

Water use efficiency

D Stodata cpeied kit Skt e Nocturnal acidification
CO; uptake and  Atmospheric Open stoma permits Decarboxylation of stored Closed stoma
fixation: leaf entry of CO; and malate and refixation of internal prevents HyO loss

acidification loss of H;0 COy: deacidification and CO; uptake

PEP carboxylase

Onaloacetate
[NABH] —{ o> matic
@‘J dehydrogenase

Malate




TABLE 3. Relevance of CAM among major plant families

of rainforests and deseris, where it is assumed that almosi

all Cactaceae and Agavaceae species and hall of all
Orchidaceae and Bromeliaceae species are CAM species

Major families MNumber of species

Desert succulents

Cactaceae 1500
Agavaceae 300
Total number of species 1800
CAM species 1800
Rainforest species
Orchidaceae 19 000
Bromeliaceas 2500
Total number of species 21 500
CAM species 10 700
iFPi;ﬁ-H Annals of Botany 93: 629-652, 2004
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Part 4: Plant hormones

have profound effects on development at vanishingly low concentration

(<1 mM).

kinds: auxins, gibberellins, cytokinins, ethylene, abscisic acid,

brassinosteroids, jasmonic acid, salicylic acid, polypeptide systemin,

strigolactone (the later buds outgrowth), flavonids
Plant growth regulators:

promoters and inhibitors

§ Auxin: the first growth hormone to be discovered in plants

Kinds: natural (% #X ¢77) vs. synthetic (& = £5) auxins

— Hy — COOH
ot - EH)— LM r,;-‘_'l :,-u: oy — Dy — CO0H
J | Im.;-'-.".-f
Ty e "
| radzia-I-butpric sod . .
[ a=Maphthalene acetic acid
Indede-1arii acid ot
(L2
Functions:

O —CH; — COOH

d

a

2,4-Dichlorophenoxyacetic
acid (2,4-D)

Plant cell expansion, viability, stem elongation, apical dominance,
root initiation, fruit development, oriented, tropic growth or

phototropism




§ Gibberellins: Regulators of plant height

0 1950s, the second groups of hormones

(Auxin: discovery, 30 years; structural elucidation, 20 years)

0 a disease of rice: “foolish seedling” or bakanae

0 a chemical secreted by Gibberella fujikuroi, GA, ent-Kaurene
Q C,, or C,,, defined by their chemical structure, more than 136

0 only a few are biologically active

Functions:

increase in plant stem and root growth, regulate the transition from juvenile
to adult phases, floral initiation and sex determination, promote pollen
development and (pollen) tube growth, promote fruit set and parthenocarpy
(¥ .2 %) (some fruits), promote seed germination

biosynthesis inhibitors

Stem elongation:

Auxin
.
<240
6.0+
200
55 1au§
z E
2= [ 120 5
g 501 =
¢ fo E
§ 45F a0
-;0 0 1‘0 ?0 30 40 sln &0
1k Time (minutes)
FIGURE 19.23
Lag time:
Je———— . Auxin-induced wall acidification

Time (hours) atter internode exced from plant

FIGURE 20.23

GA-promoted wall extension: xyloglucan

endotransglycosylase/hydrolase (XTH)




§ Cytokinins: a diffusible and water-soluble regulators of cell division

H\ /H H\ /CHon
H T c=c
[/ ¥ N
- s HN—CH CH.
H—N IC < /C H 2 3
Amino— H
== N
purine N]é%\;C/y\\ N I >
2 Il ,8c—H K
H/Ca“.\.;/c"‘“ﬂ N H
& trans-Zeatin
Kinetin

autoclaved herring sperm DNA  immature endosperm of corn

. R . IAA concentration (mg/ml)
Auxin/cytokinin ratio: 00 0005 003 013 108 30
regulate morphogenesis
in cultured tissues

Kinetin concentration (mg/ml)

Promaotes ethylens
synthesis:
Fruit ripening
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Inhibit ethylene production and action

& inhibitors of ethylene synthesis
AVG, AOA, Co%*
& inhibitors of ethylene action
Silver ions (AgNO; or Ag (S,0,),%*)
carbon dioxide (5~10%) —antagonist, less efficient than silver ions.
trans-cyclooctene
1-methylcyclopropene (MCP)
& remove ethylene Hye =
alkaline potassium permanganate
lysophospatidylethanolamine

1-Methylcyclopropene trans-Cyclooctene cis-Cycloocten
(MCP)

EthylBloc

Effect of ethylene on defoliation

birch 0 supraoptimal auxin concentrations

50 ppm C=C
fumigated 3 days

stimulate ethylene production and
cause defoliation

e.g., 2,4,5-T, during Vietnam War
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§ Abscisic acid (ABA):
& a seed maturation

dormin: a growth inhibitor was purified from
sycamore leaves collected in early autumn,
when the trees were entering dormancy

ABA-deficient mutants:

CH

CH.
L - 2 3’
3 1
5 "”’/a 2
2' 1
o7 CH3 COOH

(5)-cis-ABA
(naturally occurring
active form)

Vivipary (* #% %) : precocious germination of seeds in the fruits

§ Abscisic acid (ABA):
« antistress signal
inhibit growth and stomatal
opening, particularly when
the plant is under
environmental stress

[ABA] in tissues are highly
variable ~ 3000-fold increase

Leaf water potential (MPa)

Stomatal resistance (s cm ™)

Maize exposed to water stress

Water withheld Water provided

Water potential decreases
as soil dries out

/Sto_matai
resistance
decreases
(stomata open
as soil rehydrates) s
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§Brassinosteroids

novel growth-promoting substances in pollen
1970 Mitchel et al

the pollen of rape (% ¥) plant (Brassica napus L.)

Brassinolide
in the organic solvent fraction Most active BR

1979 Grove et al
227 kg of bee-collected rape pollen

= 4 mg bioactive brassin compound,

X-ray analysis: a polyhydroxylated steroid, a steroidal lactone

Functions:
involved shoot growth, root growth, vascular differentiation,
pollen tube growth, and seed germination

BRs act locally near their sites of synthesis

The BR-

Reciprocal grafting The 8R- deficent  BR-
Wild-type deficient mutant root  deficient
grafted to mutant shoot  does not dwarf mutant
wild-type is not rescued  inhibit the shoot graﬂed
gives normal by thedwadf,  wild-type to dwarf grows
growth root shoot as a dwarf

Endogenous BRs do
not seem to undergo
root-to-shoot (a long-
distance) translocation
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