«Biologija nebiologiem»: plant physiology

*Plant mineral nutrition
*Photosynthesis

*Plant respiration

*Transpiration




Physiological processes in plants

co?z2

mé 63 PHOTOSYNTHESIS

TRANSPIRATION

TRANSPORT
OF WATER
AND
NUTRIENTS
& NUTRIENT
WATER UPTAKE

UPTAKE



Transport in a plant: different directions

Distant transport:
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Hotvaiki water solution
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Plant
mineral
N nutrition

K, Ca, _Mg,iFe‘ Cu, Zn, Mn, Co, Mo, B
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Rinkis, Ramane, 1989
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Chemical composition of plants

Macronutrients

Micronutrients

(10'-10-2) (10-3-10-9)
C-45% Mn
H-6,5% cu'
0-42% Zn
N-1,5% Mo
P-00503% |p
$-0,2-1% Cl
K-0,5-1,2% Na
Ca-0,2-3,5% | Si
Mg - 0,02-3,1% | Co
Fe - Al
0,01-0,015%

Ni
Li
Se

* - nutrients, deficient n Latvian soils




Liebig's law or the law of the minimum

«Growth is controlled not by éﬂmf Ei
the total amount of resources available, = Sy
but by the scarcest resource
(limiting factor)»

et

Carl Sprengel,
Justus fon Liebig

a— «Liebig's barrel»
Justus von Liebig



Nutrient deficiency symptoms in plants

Deficiency symptoms are explained by the role of each nutrient:

MACROELEMENTS are the structural elements
that make up the plant cells and its structures, as well as enzymes

MICROELEMENTS are regulatory elements, often enzyme cofactors

Exceptions -K and Si




Nitrogen deficiency

Yellowing leaves, first in older leaves (N is reutilized),
decreased size (slc__)wer growth)

N is necessary for
the synthesis

or proteins,

nucleic acids,
chlorophyill,
phytohormones

and other substances

}

—— S e -

Epstein and Bloom 2004 Bergmann 1986
http://4e.plantphys.net Topic 5.1



Phosphorus deficiency

Slow growth, decreased plant size (plants look more
juvenile), leaves roll in, reddening of leaves, purple or
reddish stripes or spots (P can be reutilized)

P is necessary for
synthesis of proteins,
ATP, phospholipids;

P deficiency alters

the balance of

sugar and
phospholipid synthesis

Lyle Cowell of Saskatchewan, Bergmann 1986
Canada 2007 Crop Nutrient

Deficiency Photo Contest

http://www.ipni.net/




Potassium deficiency

Yellowing at the edges of leaf blades, first in older leaves
(K can be reutilized); brownish spots at the edges and tips
of the leaves, later between the veins

K regulates the
opening of stomata,
‘ sugar metabolism,
= permeability of

& plasma membranes,
~ cell osmotic potential
and other processes
In the plant cells

Epstein and Bloom 2004 Bermann 1986



Calcium deficiency

Young meristematic tissues fail to develop (apex, root

tips), mucous cell walls; first symptoms appear in actively
growing plant parts

Ca is necessary for
the synthesis of cell walls,
(Ca pectates)

Ca?* ions are part
of signal transduction
mechanism

-Ca Sugar beet; 2007 Crop Nutrient
Deficiency Photo Contest



Magnesium deficiency

Leaf chlorosis (deficiency of the green pigment) between
the veins in older leaves (Mg can be reutilized); variegate
leaves

.~ Mg is necessary
| for the
synthesis
& of
chlorophyll

Epstein and Bloom 2004



Sulphur deficiency

Yellowing or pale leaves, first in the young leaves, but
mainly in the whole plant (S can be reutilized, but it does
not compensate deficiency). Brittle leaves.

S ir necessary for the
synthesis of aminoacids,
coenzymes, vitamins

Epstein and Bloom 2004



Iron deficiency

Chlorosis in young leaves (Fe cannot be reutilized); first
appears between the veins, later throughout the leaf

blades

Spa nt Disease Clinic

nutrientsoil-ph-imbalances

Fe is required for
synthesis of
chlorophyll; it is
also a co-factor

of various enzymes

-Fe Banana; 2007 Crop Nutrient
Deficiency Photo Contest


http://www.ipm.iastate.edu/ipm/info/plant-diseases/

Zink deficiency

Rosette-shaped leaves, necrosis between the veins

Epstein and Bloom 2004

-Zn Corn; 2007 Crop Nutrient
Deficiency Photo Contest

Zn is required for
synthesis of
tryptophan
(aminoacid)

ans is a co-factor
of more than 200
enzymes



Boron deficiency

Poorly deveoped growth tips (apices) and vessels; wilting
of leaves, necrosis.

/ J \‘ \V E ENIpeB is rewuired for

sugar transport
(makes complexes
with sugar molecules

and is required
for lignin synthesis

Bergmann £986 wwwbitkisagligi.net



Silicium deficiency

Altered plant shape, wilting

Si is incorporated in the cell walls
and adds to its mechanical
strength, especially in cereals.
Meristems of cereals contain
specializes Si-accumulating

cells

www.knowledgebank.irri.org



Nutrient uptake
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Root hairs — outgrowths
of the root epidermis cells

Zone of maturation -
most of the root hairs

Zone of cell elongation

Zone of cell division
(contains root apical meristem)



Transport of water and nutrients
In the root

1 — root hair
2-6 — root cortex cells
{ — endodermis cell

8 — pericycle cell

9-11 — central cylinder cells

12 — vessel element (trachea)

Maurina, 1987



Nutrient transport to the root central cylinder
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Root exudates, allelopathy

Plant roots can axudate into the soil: ‘Allelopathy —

- aminoacids influence of one

- acids species on other

- nutrients (Ca, Na, K, Co) species by means of
- sugars root exudates or

volatiles

- DNA a.o. nucleic acids, phenols
- growth regulators

Examples:

beans (Fabaceae) — aminoacids

oil plants — phosphoric acid, nutrients
apple trees (Malus) — phenols

couch grass (Elytrigia repens) — benzoic - ﬂm .-
acid, cynnamic acid that impede root

growth INn other plants (saziramakenga et al. 1994);

phenols




Soil composition

45% Mineral

25% Water

Pant nutrients

- in the soil solution
(available to the plants but rapidly
leached)

- adsorbed on soil particles
(available to plants through exchange
absorption)

- insoluble
(poorly available to the plants)



R ool Cells

Cation exchange




Nitrogen in the soll

- NH, = leached
- - T
) A 25
% +
- - %.NH;
. N\
NO; NO;

/

Immobilized in the humus

Available to plants



Nitrogen cycle




Why nitrogen is a limiting factor?

N, + 3H, —»-—-> 2NH,

300-500 °C, 25 MPa (246 atm)
Harber-Bosch process




Bacteriorhiza, symbiosis with
nitrogen-fixing bacteria

Peas grown in sand
culture (no N supply)

1, 2 — no N-fiing bacteria,
3 — N-fixing bacteria
(nodules) on the roots

University of Reading, Rhizobium research
group



Bacteriorhiza, symbiosis with
nitrogen-fixing bacteria
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The role of symbiosis with N-fixing
bacteria:

Plants acquire vitamins, anzymes and other
physiologically active substances produced by
microorganisms

Microorganisms use organic substances produced by the
plants

Bacteria that fix atmospheric N: Azotobacter, Clostridium,
Klebsiella, Rhizobium, Actinomyces, Frankia, Azospirillum,
Anabaena, Nostoc
Enzyme nitrogenase converts N, into forms available to

plants.



Mycorrhiza, symbiosis with fungi

ECTOMYCORRHIZA ENDOMYCORRHIZA
(vesicular-arbuscular

mycorrhiza, VAM)

i I T E s
£ /e
- . £ -". |
L 1 (¥
L} of
(] 5
. & 4\
o /
&
7 -
7 | ‘13
v,
La
(
§

(10% of plans, woody species)

Endomycorrhiza

http://plantscience4u.blogspot.com/2013/03/ectomycorrhizae-and-endomycorrhizae.html



The role of mycorrhiza:

Ectomycorrhiza on Fagus roots
Mohr, Schopfer 1995

* increased root surface area

 fungal exudates lower soil pH

that enhances uptake of

kas sekmé P, Zn, Cu

 fungi produce enzymes that degrade organic
substances in the soill

* Fungi produce antibiotics, phenols and other
chemicals that inhibit pathogenic fungi

e.g. Boletus bovinus on Picea roots inhibits
root rot (Heterobasidion)

* Fungi bind heavy metals.

« Plants supply fungi with carbohydrates, vitamins
and other organic substances



Salinity

Tolerant Susceptible
IR65192-AB 0-13 IR29

Ly

Soil salinity:
A ‘ "'

I«l

*Impaired water uptake
*Impaired nutrient uptake

‘Na*, Cl-, and Mg?* toxicity




Photosynthesis

2
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1771. g. J. Priestley's experiment

Joseph Priestley



Photosynthesis — transformation of light energy
iInto chemical energy of organic molecules,
using carbon dioxide and water.
Photosynthesizing organisms are green plants
and some bacteria

CO2+ H20 = [CH20] + O2




Van Helmont's experiment, XVII
century

Agua da chuva

Planta jovem Solo Planta adulta Solo
2,25 Kg S0 Kg peso seco 76,1 Kg 89,9 Kg peso seco

Does plant mass come from air and water?
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Why plants are green

Wavelength P;gment
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Absorption spectrum: shows what
wavelengths are absorbed by the substance

Chlorophyll Absorption Spectrum
of Visible Light

400 450 6500 550 600 650 700
Wavelength (nm)

Absorption spectrum of chlorophyll



Relative absorption (percent)

Pigments in plant leaves

Coppmsght © The Bolros-Hil Corpana. Ine. P mspsaee cpouesd b cepeodisr bon oo dapley

Chlorophyll b

Chlorophyll a| | ) Cﬁlﬂmphyll a
' Carotenoids Phycocyanin

Phycoerythrin |Chlorophyll b

Wavelength of light (nanometers)

Vascular plants:

Chlorophyll (a, b)
caroteniids
anthocyanins

Algae

Phycobilins
Phycocyanins
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Chlorophyl

Physical and chemical properties:

compound ester
dissolves in organic solvents

w{  m{_ e—t—coofbetter in non-polar solvents)

— ethanol, ether, benzene
Reacts ith strong bases (formation of chlorophyllid)
and acids (formation of phaeophytin)

Absorption maxima:
hla: 440, 660 nm; hilb: 460;: 640 nm
Fluorescence: 668 nm

Physioological function:

absorbs nergy of light and transfers it to the reaction
centers of the photosystems, where primary charge
separaration and transformation of energy

take place




Chlorophyl

Chlorophyll deficiency:

albinism: deficiency of pigment caused
by genetic factors (also variegated
leaves)

chlorosis: symtim of nutrient
deficiency (Fe, Mg)

etiolation: pigment is not synthesized

In darkness or at low light intensity

Hepatica maxima

liela vizbulite

Urtica dioica, |
iela natre



Carotenoids

HSC\\_C,-*CH3 H.'icn_‘ ICH'E
H:![!:" \ﬁ-CH=CH-[;=CH"EH=CH-C=CH-CH=CH—CH=C-CH=CH-CH=C~CH=CH-C£ “CHE
| | I -
il C-CHy  CHy CH, CH, CHy  HC-C\o CH,
H?.' H2
Physical and chemical properties: beta-carotene

tetraterpenes (plymers of isoprene, modified)
dissolve in organic, non-polar solvents
acetone, benzene, chloroform

absorbtion maximum: 400-500 nm
xanthophylls — subclass of caroteoids, yellow pigments

Physiological role in plants:
absorb light (accessory pigments), prevent damage to chlorophyll
orange and yellow colours of flowers and fruits;
beta-carotene is a precursor of vitamin A




Carotenmds
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Phycobilins

Physical and chemical properties: ”
tetrapyrrholes woog =0

after autholysis dissolve in water, . cHy CHy ch
do not dissolve in organic solvents HE T TCH CHy CHy cH CHy Gy CHy

uﬁxxxxxx

absorbtion maximum: 500-650 nm

Physiological role: in algae and other photosynthesizing

organisms that live in water these pigments are required for
chromatic adaptation (absorb light and transfer the energy to
Chlorophyll) Light penetration in open ocean. Light penetration in coastal waters.

Depth in
meters

S0

Spectral composition
of light at different
depth in water:

200



Phycobilins

Red algae
phycoerythrin

Cyanobacteria
phycocyanin



OH
HUDf|: C=0

Anthocyanins o O o c

CH, CH, CH, CHy CHy CH,

J\)\L

Physical and chemical properties:
glycosides

(polyphenolic substances bound to glucose)| Rubus
dissolve in water p//catz_;s_
change colour at different pH krokaina
cucene

absorbtion maximum: 510-530 yellow,
green and UV wavelengths

Physiological role: anthocyans are accumulated in

the vacuoles, they absorb UV and excess blue

light that can damage the photosystems;

give red, pink, purple, blue colours to

flowers and fruits HOEE NG

can participate in thermoregulation Fagus sylvatica —

participate in carbohydrate metabolism Eiropas d.zskabapgls
Skirne ‘Purpurea’. '




Reactions of photosynthesis

0, (CH,0)
Plant Cell Chloroplast Structure
$ ATP 1
NADPH Membrane —ii8
Inner Al
Light >y 5

Stroma -
Lamellae

Figure 1 " Granum
(Stack of Thylakoids)

2H,0 co,

Chloroplast Chloroplast stroma
thylacoid membranes



Photochemical reactions

heat Photosystem
absorbs light
fluorescence
(energy)

“ Light
J g

PHOTOSYSTEM



Photochemical reactions




Photochemical reactions
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Biochemical reactions

CH,0 (|g (!:HZO ?OOH
R - ©—@
AP E;‘H | HO—C—H * H—C—OH
@0, —C—OH —»
Carbon H—C—OH (|9 ! i
©OOH CH,0
dioxide CHO (|9
Ribulose
bigphgsphate Carbon skeleton Two mDIECUlES D:f _
(RUBP) of reaction 3-phosphoglyceric acid
intermediate (3PQ)
1ic *5C —» 6C — 3C + 3C

002 assimilation



Biochemical reactions

Input

3 (Entering one
co, at a time)

Phase 1: Carbon fixation

intermediate

3909090 909F 5 -9-0-P
Ribulose bisphosphate 3-Phosphoglycerate
(RUBP) 6

CALVIN :
CYCLE

s P-0-0-0-F
1,3-Bisphosphoglycerate

Glucose and
(a sugar) other organic
Output compounds

CO, assimilation: Calvin cycle



Photosynthesis types

3 basic types, with different primary product
of CO2 molecule assimilation

/ ‘ T

CAM
~3 C4
3- Crasulaceae
phosphoglyceric oxaloacetate Acid Metabolism
acid (3C) (4C) oxaloacetate

(4C) — malic
acid
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Pinus sylvestris
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Quercus robur
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Panicum miliaceum
prosa

Zea mays Saccharum officinarum
parasta kukuriliza cukurniedre

:I:". .. ,j%;v N2 Gemeiner Mais.
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Mixed
C3-C4 type

Lycopersicum
esculentum édamais
tomats

Nicotiana tabacum Vitis labrusca
parasta tabaka Amerikas vinkoks
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Closed stoma

provents HyO loss
and COy uptake

Jpen stoma permits’ Decarboxylation of stored
atry of COy and malate and refixation of
internal CO5: deacidification

\ET "":'TE.'::_ ; | + H.l!l.u_E:' mialic
g €0, 2T pMalate +—Malic acid

http://www.cabnr.unr.edu/cam/images/Education/CAMDayNight.jpg



Role of photosynthesis

Transformation of solar energy into energy of organic molec
(1-2% of incident solar radiation)

« Synthesis of organic substances (carbohydrates)
(~2x 10" t a year)

 Renewed oxygen supply

* Prevents CO, build-up in the atmosphere

* Plants reduce pollution and influence the climate



Plant respiration

Respiration
sH 1206 + O

CH,.,O,+60,-> 6 CO,+6H,O + energy

6" 12



Aerobic respiration is a complex process

Copyright & The MceGiraw-Hill Companies, Ine. Permisalon requirad for repreduction or display.

Aerobic Respiration Overview
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Extracellular

fluid

Glycolysis is anaerobic
process, takes place in the
cytoplasm and in
chloroplasts

Krebs (TCA) cycle in
mitochondrion matrix

ATP synthase at the
mitochondrion membranes



Krebs Cycle
(Citric Acid Cycle)

Krebs cycle:
§ Pynuvic aci HADH pyruvate produced in glycolysis
eCo, “»[NADH Is completely metabolized
Acetyl-CoA § to CO, and H,0.
c Citric acid
NAD
NMADH
NAD'
NMADH

uwstudentweb.uwyo.edu



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

Chemiosmosis ATP synthesis in

Intermembrane 3 . :
space @ @ the mitochondria
; Y Inner
O mitochondrial

membrane

C A A (] (] C B CBCA C =] ae

I

*'e li (N % 'e" ' ‘ H l

ADP + Pi

NADH %_g\g?
Proton pump ATP

Mitochondrial matrix |synthase

http://faculty.southwest.tn.edu/rburkett/ GB%201%20cell%20resp.htm



Oxidative Stage of Pentose Phosphate Pathway
Glucose-6-phosphate

NADP'
Glucose-6-phosphate
dehydrogenase
NADPH

6-Phosphogluconolactone

H.O
D Gluconolactonase
Hf

6-Phosphogluconate

NADP’
6-phosphogluconate
NADPH dehydrogenase
co

Pentose phosphate
pathway

Non-Oxidative Stage of Pentose Phosphate Pathway

_ copyright 1996 M. W King
Ribulose-54¢hosphate

Ribulese-5-phosphate
J-epimerase

Ribulose-5-phosphate
isomerase

) Ribulose-5-phosphate

copyright 1998 M W King

Non-oxidative reactions

Glycose is oxidized in
the cytoplams,
NADPH and 5C
sugar phosphates
are produced that are
required for
nucleotide synthesis

Xylulose-5-phosphate Ribose-5-phosphate

| |

Transketolase

Sedoheptulose-7T-phosphate Glyceraldehyde-3-phosphate

Transaldolase

Erythrose
4-Phc|»sphate
Transketolase
Glyceraldehyde Fructose Fructose
J3-phosphate 6-phosphate 6-phosphate



Plant respiration is different from animal
respiration

*Lower efficiency
*Alcohol fermentation
*Greater plasticity

alternative biocheical reactions
plant-specific enzymes

plant-specific regulation




Transpiration

Transpiration is water movement from plant roots to
above-ground organs and controlled evaporation from
leaf surface




Factors that influence transpiration

Plant properties:

* Amount and state of the stomata

* Thickness of leaf cuticule

* Morphological leaf traits
(influence the boundary layer at
leaf surface)

_ Stomata:
Environment: leaf epidermis
* temperature structures, -
light two specialized
epidermal cells - Stomate Stomate

* wind
* humidity

the guard cells


http://www.sciencemag.org/site/feature/misc/webfeat/vis2005/show/transpiration.swf

Metabolic processes in plants
occur simultaneously and are
mutually influenced

Respiration
{day and night}

http://www.sciencemag.org/site/feature/misc/webfeat/vis2005/show/transpiration.swf



