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1 Light use and leaf gas exchange FNTRIVE

..Jeaves seem also designed for many other noble and
important services, plants very probably drawing thro’ their
leaves some part of their nourishment from the air. May not
light also, by freely enteting the expanded su of leaves
and flowers, contribute much to the cnobﬁvs@‘ principles
of vegetables?. .. 7

(Stzphen Halo, ‘Vigetalle Statichs’ 1727} / i

Chloroplasts dividing {dumbell hig-
ures) within an enlarging cell of a
young spinach leaf, resulting in
about 200 chloroplasts per cell at
leaf maturity (Momarski optics)
{Light wicrograph courfesy John Possingham)

Chapter outline

Introduction
1.1 Leaf anatomy, light interception and pas exchange
1.1.1  Leaf structure
1.1.2  Light absorption
1.1.3  CO, diffusion to chloroplasts
1.1.4  Light and CQ, effects on leaf photosynthesis
CASE STUDY  Development of A:p; curves
1.2 Chloroplasts and energy capture
12,1  Chloroplast structure and composition
1.2.2  Chlorophyll absorpdon and photosynthetic
action spectra
1.2.3  Coopertive photosystems and a ‘Z’ scheme
for electron flow
1.24  Photophosphorylation and ATP synthesis
1.25 Chlorophyll flucresence
1.3 Conclusion
Further reading



Carbon dioxide assimilation and respiration

Chapter 2 quote to come

L

Rubisce {ceibnlose-1,5-bisphosphate
carhoxylase/oxygenase) is the most

reduced growth. Tobacco plang (a)
transformied with an antisense con-
struct against Rubisco (amb-

t single protein on earth
Rubisco) grow miore dowly than

and is pi
by all plants. In higher plants, the
holoenzyme consists of elght large
stbunits, each with a molecular
mass of 5055 kD (idenlifed in (b)
below}, and eight small subonits of
molecular muss 13-18 kD (not
shown). Large subunits are encoded
by a single gene in the chloroplast
genomne while a family of nuclear
genes encode the small subunits,
Any loss of catalytic electivess
or reduction in wmounst x
to slower phatosynthess and

1 for CQ assimilath
wild rypes due to a 60% reduction
in photosynthetic rare.
Immunodetection of the large sub-
unit polypepdde of Rubisco with
an anti-Rubisco ancdserum (b}
shows that the anti-Rubisco wans-
genic planu contain less than 50%
of the Rubisco detected in wild-
type tobacco plants. (Vertical bar
in (a) = 10 cm)
{Photo courtesy Swranne vorr Coeittiterer;
1 fgirenl i ot courtesy Martha
Ludwip)

Chapter outline 233  Localisation of photorespiration
234 C, plants and unicellular algae

Introduction 2.35 Does photorespiration represent lost produc-
2.1 Modes of photosynthesis tivity?

2.1.1 Photosynthetic carbon reduction 2.4 Respiration and energy generation

212 RuBP regenemation 2.4.1  Starch and sucrose degradation

2.1.3  Sucrose and starch synthesis 2,42  The glycolytic pathway

2.1.4  Properties of Rubisco 2.4.3 Pentose phosphate pathway

2.1.5 C, photosynthesis 244 Mitochondria and organic acid oxadation

FEATURE ESSay  C photosynthesis 2,45 Respiratory chain

216  Crassulacean acid metabolism (CAM) 2.4.6  Oxidative phosphorylation

217 Submerped aguatic macrophytes (SAM) CASE STUDY 2.1 Knobs and ATP synthase

21.8 Metabolite flux and organelle tansporters 247  An alternative oxidase
2.2 C, subgroups FEATURE ESSAY 2.2  Thermogenesis

221 Evclution of C4 mode 2.48 Interactions between mitochondria and

222 Concentrating CO, in BS cells chloroplasts

223 Regulaticon of C, photosynthesis 2.4.9  Enecrpetics of respiration

224  Environmental physiology Further reading
2.3 Photorespiration

23.1 Evidence for photorespiration

2.3.2  Substrates for photorespiration



3 Gaining water and nutrients (root function)

Chapter outline

Introduction
3.1 oot system architecture -
311 Introduction
3.1.2 Root architecture and uptake of nutrients
CASE STUDY 3.1  Cluster {proteoid) roots
3.1.3 Root architecture and uptake of water
3.2 Extractng water and nutrients from seil
3.2.1 Where are water and nutrients found in soil?
3.2.2  Water flow through soil to roots
3.23  Calculating water depletion around roots
3.2.4  Observations of water uptake by roots
3.3 Soilroot interface
331 Rhizosphere chemistry
33.2 Rhizosphere biology
333  Costs and benefits of a thizosphere
3.4 Mycorrhizal associations
3.4.1 Main types of mycorrhizas
3.42 Fungus—root interfaces
343 Functonal aspects of mycorrhizas

A nadicle may be compared with a burrowing mole, which
wishes to penetrate perpendicularly into the ground. By con-
tinually moving its head from side to side, or circumnurtating,
he will feel any stone or other obstacle, as well as any dif-
ference in the hardness of the soil, and he will turn from that
side; if the earth is damper on one than the other side he will
turn thitherward as a better hunting-ground. Nevertheless,
after each interruption, guided by the sense of gravity, he will
be able to recover his downward course and burrow to a greater
depth,

{Charles Danvin, The Power of Mavement in Planu, 1887)

Seedlings of Encalypiias glabulus
which have formed an ectormycor-
rhixal association with the fungus,
Hebeloma, whase white mrycelium
can be reen ramifying through the
soil and forming basidiomes {wad-
stools) above the soil. (see Colour
Plate xx)

3.5 Symbiotic nitrogen fixation
3.5.1 Acquiring atinospheric nitrogen
3.52 A range of N,-fixing associations
3.53 Rhizobial associatons
3.5.4  Linking functions with structures
FEATURE ESSAY 3. Profecting nitrogenase from oxygen
355 Measuring N, fixation
3.6 Absorpdon of water and nuttients by roots
3.6.1 Radial uptake: a dynamic component of
resource acquisition
3.6.2 Exracting water and nntrients via the rhizos-
phere
3.6.3 Pathways and fluxes
3.6.4 Barriers to apoplasmic flow
3.6.5 Transporr of water and solutes
3.6.6 Testing oot function
367  Axial versus radial flow
Further reading
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4 Using water and nutrients (cell growth)

Chapter outline

Introduction
4.1 Membrane transport and ion balance
41.1 Osmeotic engines for plant function
4.1.2 Trmansport of molecules across cell membranes
CASE STUDY 4.1  The power of biological pumps
413 Membrane proteins — catalyses for transport
4.2 Regulation of nutrient ion exchange
421 Compartments, channels and transporters
42.2 Tmansport in cells and tssues
423  Patch damping
4.2.4  Patch clamping: a window on ion regulation
425 Turgor pressure controlling ion flow
4.2.6 Transpott proteins undedying the dual mech-
anism of potassiurn uptake
4.2.7 Repulation of carrier proteins
4.28 Nutrient transport through plants
4.3 Cell enlargement
4.3.1 Water relations
43.2  Cell wall expansion

The almost infinite variety of vegetable forms, which have been
grouped into no less than 82,606 distinct species, is formed
of but one elementary material, made up of multitudes of lit-
tle vesicles or bladders, called CELLS. The tissue of which
they are composed, when first formed, is called cellulose. The
different forms of this TISSUE are held together by a living
mucus, 2 ggmmy fluid, out of which the tissue itself is made.
(C. Baker Plapts, the Earth and Minenals, imid-nineteenth Century)

A sequence of superirnposed
images captures the Aower column
of a wrigger plant (Stylidiurn crassi-
folium) a4 it *Ares’ in responee to a
physical sdmulus (fn nature, an
imect). A 1 cm colomn rocates
through more than 20§° fom &
Jeocked position’ in 10-30 ms
(photographs taken at 2 my inter-
vali). The kinetic energy manifest-
ed in this rapid firing is derived

rom events controlled at a rem-
brane levels. Ions cansported inte
specialised cells cause hydrostatic
{turgor) pressure to develop which
is suddenly dissipated following
mechanical stimnlation. Similar
rapid movemeents occur in
mimosa (semsitive plant) and some
carpivorows plants

{Based on Findlay and Findlay 1975, and
reproduiced with permission}

CASE STUDY 4.2 A perspective on plants: significance of

cell walls

43,3  Application of water relations equations to

growing cells

434  Cell wall properties: determinants of growth

rate

43,5 How mapidly do cell walls respond to changes

in %

43.6 Biochemical processes in walls of growing

cells
Further reading
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5 Vascular integration and resource storage

Chapter outline

Introduction

5.1 Long-distance transport of water and nutrients
5.1.1 Introduction
5.1.2  Experimental history: how the Cohesion

Theory came to be accepted

51.3 Xylem as an effective conduit for sap
5.1.4  Speed of sap flow
5.1.5  Solute transport via transpiration

5.2 Vein endings and export pathways
521 Introduction
5.2.2 The pipeline: leaf vein architecture
5.2.3 Damage control
5.2.4  Unit pipe: generalised vein structure
52,5  Water extraction from the pipeline
5.2.6  Solutes in the transpiration stream
52,7  Solute recycling: phloem export
5.28  Solute recycling: scavenging cells
5.29 Solute excretion

... what quantities of moiscure trees do daily imbibe and per-
spire: now the celerity of the sap must be very great, if that
quantity of moisture must, most of it, ascend to the top of the
tree, then descend, and ascend again, before it is carried off by
pernpinaton.

(5. Huler, Vegetalle Staticks, 1727}

Surfice view of cleared whole
mount of a wheat leafl showing
large and umall parallel veins
{mauve). Lines of sroman (orange
guard cells) lie along the flanks of
these veins, Water evaporates from
the wet walls of mesophyll cells
below the stomata, deswing water
from the veins through sheath
cells. Bar represent 100 pm (sec
Colour Plate xx}

{Plwtagrapl courtesy Margarer MeCuily)

5.3 Distribution of photoassimilates within plants
5.3.1 Introduction
5.3.2 Source—path—sink concept
5.3.3  Source—path~sink transport processes
5.3.4 Photoassimilate transport and biomass
production
5.3.53 Whale-plant distribution of photoassimilate
CASE STUDY 5.1  Differenttial partitioning of carbon and
nitrogen in a nitrogen-fixing legume
5.4 Phloem transport
54.1 Introduction
54.2 Chanacteristics of phloem transport
54,3 Chemical nacure of translocated material
5.4.4 Phloem fux
545 Mechanism of phloem translocatdon
546 Control of assimilate transport from source to
sink
5.5 Phloem loading
55.1 Introducdon
5.5.2 Pathway of phloem loading m source leaves
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Growth analysis: a quantitative approach

Chapter outline

Intreduction
6.1 Concepts and techniques .
6.1.1  Cell populadons
6.1.2  Plant biomass
6.1.3  Leaf area
6.2 Environmental physiology
6.21 Light
622 Temperarure
6.2.3  Carbon dioxide
6.2.4  Nutrients {nitrogen and phosphorus)
6.2.5  Light X nutrients
6.2.6  CO, X nutrients
6.27 Water
6.3 Developmental phystology
6.3.1 Biomass distribution
6.3.2  Size and ontogeny
6.3.3 Reproductive development

...and he gave it for his opinion, that whosoever would make
two ears of corn or two blades of grass to grow where only
one grew before would deserve better of mankind, and do
more essential service to his country, than the whole race of
politcians put together...

(fatratkan Surft, Gullivers Trevels, 1728}

Highly producdve multiple crop-
ping in a CO;-enriched greenhouse
at CSIRO Mecbein, 1978

{Original phoiograph courtesy Ted Lawron)

6.4 Crop growth analysis
6.4.1 Concepts
6.4.2 Light-use efficiency
6.4.3  Potendal crop growth rate
6.4.4  Respiratory losses
6.5 Respiratory efficiency and plant growch
6.5.1 Carbon economy of fast~ versus slow-growing
plants
6.5.2 Energy generation
6.5.3 Energy utlisation
6.54  Methodology
6.5.5 Energy use by roots
6.5.6 Growth efficiency and crop selecton
6.5.7 Suboptimal environments
6.6 Concluding remarks
Further reading



7 Plant growth and options for reproduction

We should always keep in mind the obvious fact that the pro-
ducdon of seed is the chief end of the act of fertilisation;
anthat this end can be gained by hermaphrodite plants with
incomparably greater cernainty by self-fertilisation, than by the
union of the sexual elements belonging to two distinct flow-
ers or plants. Yet it is unmistakably plain that inmumerable
flowers are adapted for cross-fertilisation.

{Charles Danvin, The Efferts of Cross and Self Fertilisation in the Ugetable Kingdom, 1876}

Figure 7.0 Developing pineapple
inflorescence showing spiral

phyllonaxis
{Photopraph courtesy C.G.N. Timbull)

Chapter outline

Introducton
7.1 Axial growth; shoot and root development
7.1.1  Root apical meristerns-
7.1.2  Shoot apical meristems
7.1.3 - Meristems as templates for morphogenesis
7.1.4  Mernstems responding to their environment
7.2 Opdons for reproduction
7.21 Timing of reproduction
7.2.2  Vegetative options for reproduction
7.23  Floml biology and sexual reproduction
7.2.4  Sources of genetic variation and restricdons
on breeding
FEATURE ESSAY 7.1  Self and non-self: recognition processes
in_flowerning plants
Further reading
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Physical cues for growth and reproduction

Chapter outline

Introduction

81

8.2

Latent life: dormancy :

8.1.1 Dormancy: the phenomenon of suspended
animation

8.1.2 Seed dormancy

FEATURE ESSAY 8. Dormancy in wheat grains: nature

and practieal application

8.1.3 Bud dormancy

8.1.4  Physiological control of dormancy

Plant and organ orientation

821 Tropisms

8.2.2 Gravitropism

823 Gravity percepton

824 Thigmotropism

825 Phototropism

826 Nastc movements

Amongst other fundamental properties, the protoplasm of
plants is endowed with that of irritability, a certain sen-
sitiveness, that is, to the influence of external agents.

{Sydney Howard Vines, Letures o the Phpsiology of Plana, 1886}

On the one hand, the farmer is concerned with the living
plant; on the other, with that complex set of factors we call
the environment ... A plant, like an animal, is a sensitive Jiv-
ing thing. Plants make responses to their environment [which]
... may be expressed in tons of leaves and stems, in tons of
roots, in pounds of seed or grain, in barrels of fruit, or in per
cent of sugar, or starch, or acid ... First, we must understand
something of the structure and functions of the plant. Second,
we must have a knowledge of the various factors of the envi-
ronment. And, third, we must know the manner in which the
plant behaves under a given set of condidons, This is a big
order. It is asking much.

{Wiifeed W Robins, Prindples of plant growh, 1927)

Adapution of a perate plant, prach, to cropping in the sub-tropics.
This variety, Flordaking, has been bred with reduced dortnancy which con-
fers a ‘low chill’ requirement, This all the reproductive cycle o proceed
at ladtudes {29*S In chis i } whers s are Insnfficiently cold to
break the deeper dormancy of nonmal *high chill’ varieties. Developing
flowers were excised from within the protective bud scales over a period
from early autumn {(March, left) to mid-winter (July, right) and show con-
tinued slow growth throoghout {2 see Calonr Plate xx)

(Photograph courtesy LS. Lloyd and C.G.MN. Tirnbuil)

8.3 Reproduction
8.3.1 A dme to flower
8.3.2  The processes of foral induction and inita-

ton ]
8.4 Phlotoreceptors and light cues
Further reading '



Plant hormones: chemical signalling in plant
development

Consider... a plant not as a packaged collective of indepen-
dent processes but as a highly interactive network of percep-
tion, control and feedback. Every plant has a genetic blue-
print that specifies its whole range of morphology and phys-
iology, but the individual is shaped, sometimes literally, by the
ervironnent it experiences. Integration of development and
adjustment to the external environment are achieved through
multple coordinating signals throughout the plant.

Perception of gibberellin in germi- ton of @-arrylase enzyme. This
ing cereals, P 1 (P) iso~ means that perception of gib-

Inted Fromn aleurone cells of wild
oat (Avena {atua) were incubated
with Sepharose beads {S) to which
gibberellin molecules had been
covalentdy attached. The gibberellin
therefare could not enter the cells,

berellln probably occurs via and
outward-lacing receptor In the
plauma membrane. Scale bar =

60 pm {# see Colour Plate xx)
{Reproduced, with penwtission, from Hoaley
e al. (19921}

but way 5cll able to induce produc-

Chapter outline

9.1 The basis of chemical control of plant development
9.1.1 Intreduction: the need for communication
9.1.2  Signal sources: which tssues make hormones?
How are hormones synthesised?
9.1.3 How mobile are plant hormones?
9.2 Physiology of hormone action
9.2.1  Signal wargers: perception and sipnal transduc-
tion
9.2.2 Diverse roles for plant hormones
FEATURE ESSAY 9.1 Models for control of shoot branching:
more than just auxin and cytokinin
9.23 Direct effects on cellular processes
9.24 Modified gene expression
9.3 Harnessing hormones: making use of chemical signals
9.3.1 Manipulating growth and development with
applied planr growth regulators
9.3.2 Control though genetic alterations
933 Conclusions: the future of plant hormone
research
Further reading
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Differentiation and gene expression

Simply, the organism is a unique result of both its genes and
the temporzl sequence of environments through which it has
passed, and there is no way of knowing in advance, from the
DNA sequence, what the organism will look like, except in
general terms.

(R.C. Lewontin {1%57) 'Gesies, envirorment, and oxganismns’, Hidden Histories of Sqece, ed.
R.B. Silwers, 115-140, Granta Booles: Landen}

Ripening of fruit such as tomato aroma and fevour compounds are
involves a dghdy regulated synthesised, and acids and starch
sequence of physiological transi- are converted o sugars. Overall,
tions and changes in expression of this packaging is an attractive food
several penes, with the plant hor- to many aninls and the benefit to
maone ethylene playing a coordinac- the plant is increased probability of
ing role. The visible colour change seed dispersal (see Colour Plate xx)

from green to red is doe to chloro- {Photograph courtesy LD, Hamill)
phyll degradation and synthesis of

red lycopens pigment. Around this

dme respitation mate increases, eth-

ylene synthesis accelerates, cell wall

softening genes are sxpressed,

Chapter outline

Inooduction

10.1

10.2

10.3

Cellular development and coordination

10.1.1 Generating cells and organelles: control of
division processes

10.1.2 Cellular integration

FEATURE ESSAY 10.1  Communication between plant cells

Options for differentiation

10.21 The concept of wotipatency

10.2.2 Types of differentiation

Gene expression

10.3.1 Gene expression and protein synthesis

10.3.2 Genome interacions

10.3.3 Gene regulation during development

10.3.4 Gene expression modified by external factors

CAsE STUDY 10.1  Plant~pathogen interactions: pathogers

as biotic stress factors

10.4 Modified genomes: genetic engineering

10.4.1 Transformation systems
10.4.2 Transgenic planes

Further reading



A grape is a ‘berry’, so that fmits on Sultana grapevines are stenospermo-
carpic berries! Pollination and fertilisation were successful, but embryos so
formed soon aborted. Pericarp tisues none the less continued their devel-
opment to produce the familiar item of commerce sbout 100 d later. A
range of stages In that development is shown here, Upperrow fruit ilhis-
trare stages in proverzison development where froit are small, hard, green
and accemulating organic acid, Postveraison fruit (lower row) are trandu-
cent, soft rextured, enlarging rapidly and accomulating sugar. (Vertical bar
= 5 mm)

{Original photograph courtery Ted Lawton, CSIRO Horsiowlture, Merbein, Victatia)

Chapter outline

Introduction
11.1 Onset of fruit growth
11.1.1 Early events
11.1.2 Origin of fruit tissues
11.5.3 Fruit set
11.2 Dynamics of fruit growth
11.21 Time-course
11.2.2 Cell division and enlargement
11.23 Cell differentiation
11.2.4 Kiwifruit development: a case study
11.2.5 Seed development and fruit growth
11.3 Resources for fruit growth
11.3.1 Carbohydrate economy
11.3.2 Photoassimilate distribution
11.3.3 Composition of photoassimilates
11.3.4 Fruit composition and sensory attributes
11.3.5 Minernl nutrients

Fruit growth and postharvest physiology

Whence it is probable, that the use of these leaves, (which are
placed, just where the fruit joins the tree) is to bring nourish-
ment to the fruit. And accordingly, I observe ... that all peach
leaves are pretty large before the blossorn goes off; And that
in apples and pears the leaves are one third or half grown,
before the blossom blows: So provident is nature in making
timely provision for the nourishing the yet embrio fruit...
(Stephen Hales, Vigelabie Staticks, 1727)

Most of the exagperated developments of certain parts of the
basic fruit structure arose naturally but have been accentuat-
ed by modern breeding programs to maximize the desirable
features of each frnit and minimize the superfluous features.
The production of seedless cultivars of certain fruits re-
presents an extreme development in thas larer respect.

{Wills er al., Postharvest 1585)

11.4 Maturation and ripening
11.4.1 Carbon accumulation
11.4.2 Sugar storage
11.4.3 Starch storage
11.5 Respiration, dlimacteric and edibility
11.5.1 Ripening indicators
11.5.2 Climacteric behaviour
11.5.3 Ripening triggers
11.5.4 Texture and softening
11,55 Colour and flavour
11.5.6 Ethylene
FEATURE ESSAY 11.1 A century of ethylene research
11.6 Extending storage life
11.6.1 Temperature
11.6.2 Relative humidity
11.6.3 Modified 2nd controlled atmospheres
11.6.4 Physiology of controlled aumosphere storage
11.6.5 Storage disorders
11.7 Future technologies
11.8 Conclusion
Further reading
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PLANTS IN AUCTION

Part IV Contents

Chapter 12
Sunlight: an all-pervasive source of energy
Introducticn
12.1 Photosynthesis in sun and shade
FEATURE ESSAY 12.1  Perspectives on photainhibition
CASE STUDY 12.1  Interaction of light and nutrients on
tainforest seedlings
12.2 Ultraviolet radiation
12.3 Agricultural production
12.4 Forest production
CASE STUDY 12.2  Bine forest canopies and biomass pro-
duction
12.5 Horticultural production
12.6 Conduding remarks
Further reading

Chapter 13
Carbon dioxide: a universal substrate

Introduction
13.1 Dynamics of atmospheric CO,
13.2 Leaf adjustments under CO, enrichment
13.3 Facror interaction and CO, enrichment

CASE STUDY 13.1  COy, cyanide and plant defence
13.4 Hortcultumal applications of CO, enrichment
13.5 Tropical trees and CO, enrichment

CASE STUDY 13.2  Heat therapy and CO,
13.6 Concluding remarks
Further reading

Chapter 14
Temperature: a driving variable for plant growth
and development
Introduction
14.1 Thermal environment and prowth responses
14.2 Plant coordinaton
14.3 Field responses
14.4 Chilling injury
14.5 Plant heat budgets
14.6 Frost and freezing injury
CASE STUDY 14.1 Cold-induced photoinhibition and frec
regeneration
14.7 Concluding remarks
Further reading

Chapter 15
Water: a limiting factor
Introduction
15.1 Soil-plant—atmmosphere continuum
CASE STUDY 15.1  Water-repellant sands
CASE STUDY 15.2  Pressure-volume airves
15.2 Stomatal physiology

15.3 Water use by managed plant communities
CASE STUDY 15.3  More plants for less water?
FEATURE EsSAY 15.1  Resurrection planis

15.4 Water use by natural plant communities
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FEATURE EssAY 16.2  Sodium in C4 photosynthesis
16.4 Adapraton to low availability of nutrients
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nutrition
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16.6 Concluding remarks
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Chapter 17
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Introduction
17.1 Perspectives on salinity
17.2 Growth and cropping responses
17.3 Halophytes and adaptation to salt
CASE 5TUDY 17.1  Mangroves and saltmarsh communities
CASE STUDY 17.2  Aguatic organisms and compatible
solufes
17.4 Salt-affected land: udlisadon and reclamaton
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Chapter outline

Introduction

12.1

12.2

12.3

12.4

Phovosynthesis in sun and shade

12.1.1 Sunlight interception and utilisation

12.1.2 Photoinhibition and photoprotection

FEATURE ESSAY 12.1  Perspedtives on photoinkibition

12.1.3 Sun/shade acclimaton and rainforest gaps

CASE STUDY 12.1  Interaction of light and nutrients on
rainforest seedlings

12.1.4 Sunflecks

Ultraviolet radiation

12.2.1 Ultraviolet radiation on an ancient carth

12.2.2 Ultraviolet attenuatien by 2 modern earth

12.2.3 Ultraviolet radiation and plant biclogy

Agricultural production

12.3.1 PAR and yield

12.3.2 Leaf area index and canopy lLight climate

12.3.3 Light use efficiency

Forest production

12.41 Canopy architecture

The device by which an organism maintains itself stationary
at a fairly high level of ordetliness (= faidy low level of
entropy) really consists in continually sucking ordediness from
its environment. ., plants... of course, have their most power-
ful supply of ‘negative entropy’ in the sunlight

{Schridinger 194¢)

Shafts of sunlight penetrate a forest
of Araucaria heteraphylic st Point
Blackboorne on Norfolk Island
{Original photmpraph courtesy D.H. Ashton}

CASE STUDY 12.2  Pine forest canopies and biomass pro-
duction
12.4.2 Canopy productivity
12.5 Horticultural production
12,51 Sunlight interception
12.5.2 Light climate and fruit quality
12.5.3 Flower bud differentiaton and fruit set
125.4 Orchard design and canopy management
12.6 Concluding remarks
Further reading



1 3 Carbon dioxide: a universal substrate

...it is through their leaves that plants...draw some part of
their nourishment from the air...
Stepher Hales, Vegetalle Statides’, (1727)

Lower surface of a tomaco leal
showing a “forest’ of epidermal
hairs and an abundance of tiny
stomata through which planis
‘deaw some part of their nourish-
ment’! (Scale bar = 100 pm}
{Original scanning elextron micrograph cour-
tesy Sturt Craig ond Celia Milher,
CSIRO Plant Fndustry, Conberta 1997)

Chapter outline 13.4 Horticultural applications of CO, enrichment
13.4.1 Greenhouse cropping

Introduction 13.4.2 Vepetables and fruit crops

13.1 Dynamics of aunospheric CO, . 13.4.3 Omamentals and nursery stock
13.1.1 Global carbon cyde 13.4.4 Vegetative propagation
13.1.2 Small-scale variation in CO, - 13.5 Tiopical mees and CO, enrichment

13.2 Leaf adjustuments under CO, enrichment 13.5.1 Global forests
13.2.1 C4 plants versus C, plants 13,52 Leaf gas exchange
13.2.2 Stomatal conductance 13.5.3 Temperamre X CO,
13.2.3 Respiratory adjustments 13.5.4 Water x CO,
13.2.4 Ontogeny and duraton of CO, enrichment 13.5.5 Growth, competition and ecosystemn structure
13.2.5 Photosynthetic acelimation CASE STUDY 13.2  Heat theraphy and CO,
13.2.6 Carbon parttoning 13.6 Concluding remarks

13.3 Factor interaction and CO, enrichment Further reading
1331 Light

1332 Sink strength
13.3.3 Temperature

13.3.4 Phenology, temperature and CO,
13.3.5 Drought

13.3.6 Concluding remarks on interactions
CASE STUDY 13.1  COy, cyanide and plant defence



1 4 Temperature: a driving variable for plant
growth and development

Chapter outline

Introduction
14.1 Thermal environment and growth responses
14.1.1 Temperature means and extremes
14.1.2 Plant temperatures
14.1.3 Variaton in sensitivity
14.1.4 Biochemistry and basic concepts
14.2 Phnt coordination
14.2.1 Photosynthesis
14.2.2  Assimilate transport
14,23 Water and nutrient uptake by roots
1424 Growth and development
14.2.5 Piant form
14.3 Field responses
14.3.1 Day/night temperature differential
14.3.2 Thernmal ume
14.3.3 Response integration
14.4 Chilling injury
14.4.1 Quantifying chilling injury
14.4.2 Ranges of chilling tolerance

Habit is hereditary with plants, ... and this leads me to say a
few words on acclimatisation. As it is extremely common for
distinct species belonging to the same genus to inhabit hot
and cold countries, if it be true that all the species in the same
genus are descended from a single parent-form, acclimatisation
must be readily effected during a long course of descent. It is
notorious that each species is adapted to the climate of its
own home: species from an arctic or even from a temperate
region cannot endure a tropical climate or conversely ... But
whether or not this adaptation is in most cases very close, we
have evidence with few plants, of their becoming, to a cer-
tain extent, naturally habituated to differcnt temperaturcs;
that is, they become acclimatised: ...

{Chares Danwins, The Origin of Species, 12712 edition)

Fighting ice with ice! Alleviating
frost damage in a New Zealand
orchard with overhead sprinklers.
Plant tissues encased in ice that is
continning to frm will remain at
0°C, that iz, just above the thresh-
old for injury

{Criginal photograph courtesy E. W, Hewelt,
Massey University}

14.4.3 Chill hardening
14.4.4 Concluding rentarks
14.5 Plant heat budgets
14.5.1 PReeflecdon
14.5.2 Energy emission (reradiadon}
14.5.3 Sensible heat exchange
14.5.4 Latent heat transfer
14.6 Frost and freezing injury
14.6.1 Physics and physiology
CASE STUDY 14.1  Celd-induced photoinhibition and tree
tegeneration
14.6.2 Alleviating frost damage in horticulture
14.7 Cancluding remarks
Further reading
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Water: a limiting factor

Chapter outline

Introductdon

15.1 Soil-plant—atmosphere continuum

15.2

15.3

15.1.1

Water in soils

CASE STUDY 15.1 Witer-repellant sands
15.1.2 Hydraulic architecture

15.1.3

Soil-plant hydraulic conductance

CASE STUDY 15.2 Pressure—volume curves
15.1.4 Hydmulic Lift
Stomatal physiology

15.2.1
15.2.2
15.2.3
15.2.4

Stomatal structure and function
Solute relations of guard cells

Light, CO, and stomatal aperture
Leaf to air vapour pressure difference

Water use by managed plant communities

15.3.1

Water use efficiency of crops

CASE STUDY 15.3  Morr planis for less water?

15.3.2
15.3.3
15.3.4
1535

Crop water use and irrigation
Phenclogy, drought and yield
Regulated deficits and fruit yield
Drought stress and adaptive responses

With perceptive phrasing, Les Murray (1991) summarises
structural aspects of a gum forest as: q ¢

‘Flooded-gums on creek ground, each tall because of each’
and in conceptualising water relations,

Foliage builds like a layering splash: ground water drily upheld
in edge-on, wax-rolled, gall-puckered leaves upon leaves, The
shoal life of parrots up there.

{Let Mugray (1991), Collected Pocms)

A superb stand of Sooded gums
{Eucalyptus grandis) near Colls
Harbour, northern New South
Wales, ‘each @l becavse of each’
(Les Murray (1991}, Collccied Poemy)
{Original photograph by Kest Eldridge, sup-
plied by Peter Burgens, CSIRO Forestry and
Forest Produts}

FEATURE ESSAY 15.1  Resurrection plants
15.4 Water use by natural plant communities
15.4.1 Savanna woodlands
15.4.2 Open foress
CASE STUDY 15.4  Plant parasites
15.4.3 Epiphytes
15.5 Concluding remarks
Further reading
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Chapter outline

Introduction
FEATURE ESSAY 16.1 A brief history of plant muirition
16.1 Soil formation
16.2 Soil-plant nurrient relatons .
CASE STUDY 16.1  Boron fexicity and Australian agricul-
fure
16.3 Nutrient requirements and functonal roles
16.3.1 Essental mineral nutrients
16.3.2 Quancitative requirements
CASE STUDY 16.2 Nutrient response in Eucalyptus
grandis
16.3.3 Deficiencies and responses
FEATURE ESSAY 16.2  Sedium in C; photosynthesis
16.3.4 Diagnosis of deficiencies
16.3.5 Nutrient interactions
16.4 Adaptation to low availability of nutrients
CASE STUDY 16.3  Rainforest succession and nitrogen
nutrifion
16.4.1 Symbiotic associations
16.4.2 Parsitic plants and carnivorous plants

Nutrients: a sparse resource

There is a need to optdmize the productivity of inferdle and
problem soils in order to meet increasing world-wide
demand for agricultural and forestry products and we now
recognise the increasingly important role of selection and
breeding of plants specifically for such soils. Plant breeding
solutions will complement agronomic methods to achieve
these objectives in a manner which is both economically
sound and ecologically responsible

(Raanidall 1953; italics added)

Figare 16.0 A demonseration of
genetic differences berween two
varieties of barley (Hordewm valpare)
int their tolerance to a manganese-
deficient soil near Warooka, South
Australis. Overall crop response to
a foliar spray equivalent o § kg
manganese per heciare i evident
in shoot growth (middle back-

16.5 Soil acidity and toxicides
16.5.1 Soil acidification

groond hehind armow). While
unsprayed plou in the foreground
are less productive, the culdvar
Weeah (left side) tolerates this low-
mangunese soil better than Clipper

(right side)

(Oviginat photograph courtesy R.J. H
South A Y r\r ‘if“u ol
1982)

16.5.2 Aluminium and manganese toxicity
16.5.3 Serpentine soils and mine tailings

16.6 Concluding remarks
Further reading
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17

Salt: an environmental stress

Salinity, like drought, remains as one of the world’s oldest and
most serious environmental problems. Mistakes made by the
Sumerians in the Tigris and Euphrates basin of Mesopotamia

over 4000 yeas ago are being repeated today...
M Willian 1986}

Secondary salinisation near Ouyen,
Victoria, showing a lower slope
discharge zone for saline ground-
water. Established eucalypts have
died, and sale is encroaching ups-
lope into grazing land, Local
hydrologic balance was disturbed
by land clearing which increased
groundwater accession and led to a
subsequent rise io water mahles
{Original photograph courtesy RE.
Kriedemann)

Chapter outline

Introducrion
17.1 Pexspectives on salinity

17.1.1 Geographic exten

17.1.2 Sodic soils

17.1.3 Solutes and osmotic pressure
17.2 Growth and cropping responses

17.2.1 Annual plants

17.2.2 Perennial plants

17.23 Hentability of salt tolerance
17.3 Halophytes and adaptation to salt

CASE STUDY 17.1  Mangroves and salimarsh communities

17.3.1 Devices to manage leaf salt

17.3.2 Turgor maintenance

CASE STUDY 17.2  Aguafic organisms and compatible

solutes

17.3.3  Organic salutes as metabolic protectants
17.4 Salt-affected land: utilisation and reclamation
Further reading



1 8 Waterlogging and submergence: surviving
poor aeration

After Colonel Byrd discovered and named The Great Dismal ¢
Swamp in seventeenth century America, his disenchantment €
was recorded in the Westover Manuscripts thus: '

...the foul damps ascend without ceasing, corrupt the air and
render it unfit for respiraticn...Never was Rum, that cordial
of Life, found more necessary than in this Dirty place.

Colonel William Byrd I (1925) ‘Histories of the Dividing Line Betwixt Virginia and Nexth

Carolina’ North Canlina Historical Connmission, Raleigh

A permanent body of water in species that alio exhibit flood tol-
Kaksdu Nadonal Park, Northern erance can be zeen in the back-
Territory, showing a range of ground: these include the dense
species thriving in a flooded envi- canopy of a freshwater mangrove

ronment, Submeeged tubers of
vloleces produce long
underwater stems that support »
floating leaf, while specracular
flowers are supported on pedoles
projecting from the water surface,
as seen on the book cover. Woody

(Barringfonia acufanguld), a single
tree (Lophostemen grandiflorum ssp.
ripdring) growing in the open water
and scands of river red gum
{Ewncalyptns camaldulensis} groraring
along the waterdogged banks
{Bliotagraph courtesy of 8. Jarals)

Chapter outline

Introduction

18.1 Waterlogging and subinergence of terrestrial plants
18.1.1 Root-zone aeration
CASE STUDY 18.1  Soybean: the unsuspected paludophyte
18.1.2 Adaptive responses to waterlogging
CASE STUDY 18.2  Swamp paperbark: a coloniser of flood-
ed, saline wetlands

18.2 Seagrasses: angiosperms adapted to sea floors
18.2.1 Evolution of seagrasses
18.2.1 Ecophysiology of seagrasses
CASE STUDY 18.3  Seagrasses: suaressful marine macro-
phytes

Further reading
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19 Fire: an ecosystem sculptor

Chapter outline

Intreduction
19.1 Physics and chemistry of an ecosystem on fire
19.1.1 Heat
19.1.2 How plant dssues succumb to heat
19.1.3 Temperatures
19.1.4 Summary
19.2 Plants coexisting with fire
19.2.1 Plant responses to fire and smoke
19.2.2 Fires and ecosystein compositdon
19.2.3 Using fire to manage plants
19.3 Strategies for surviving in fire-prone enviroruments:
seeders and resprouters
19.3.1 Inwoduction
19.3.2 Fire epheinerals — plants that grow from seed
banks
19.3.3 Cryptophytes {geophytes) — plants that grow
from storage organs
19.3.4 Obligate seeders and resprouters — perennial
plants that seed or resprout after fire

...and he looked, and behald,
the bush burned with fire and
the bush was not consumed. ..
{Mates in the Book of Exodus)

Fires often consume the large fuel
Ioads produced by cane graw at the
end of each dry season in the Kakadu
Narional Park of northern Australia,
Here 3 savanna woodland burns vigoe-
oualy, leaving the sclerophyllous euca-
lypa blackened but aive and able to
regrow in the following season (see
Caolour Plate xx)

{Photogrph courtesy of Michae! Douglas}

19.4 Impact of climate change and burning practices on
vegeration
19.4.1 Introduction
19.4.2 Pollen evidence indicating changes in vegeta-

ton
19.4.3 Fire: an ecosystem sculptor
Further reading



20 Herbicide resistance: a case of rapid evolution

Amid young flowers and tender
grass

Thy endless infancy shall pass;
And, singing down thy narrow

glen,

Shalt mock the fading race of
men.

William Cullen Bryant, The Rivilet,
1794-1878

Herbicide-resistant Lolinm rigid,

infesting railway lines in Wesrern
Australia. Following 10 years of use of
arrazine and amirole w0 control weeds,
& MOne lture of L. rdgidum resisrant to
these two herbicides has evolved along-
side the oracks {see Colour Plate xx)

Chapter outline

Introduction
20.1 Acquiring resistance to herbicides
20.1.1 Lolium rigidum in Australia: a very resistance
prone weed!
20.1.2 Rapid development of resisitance
20.2 Biochemistry of herbicide resistance
20.2.1 Target site resisance
20.2.2 Non-target site resistance mechanisms
20.2.3 Cross-resistance
20.2.4 Multiple resistance
20.2.5 Lessons to be learnt from herbicide resistance
Further reading



