«Biologija nebiologiem»: augu fiziologija

*Augu minerala barosanas
*Fotosinteze

*Augu elposana

*Transpiracija



Fiziologiskie procesi auga
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Vielu transports auga: dazadi virzieni
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Tuvais transports:
CO2, organiskas vielas, augSanas
regulatori, signalmolekulas u.c.
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K, Ca, Mg, Fe, Cu, Zn, Mn, Co, Mo, B

uzpemsana

Elementu koncentra.
cija un savstarp&/a

retekme

Rinkis, Ramane, 1989
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Augu Kimiskais sastavs

Makroelementi

Mikroelementi

(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

* - elementi, kuri visbiezak

trokst Latvijas augsnés




Libiga, val minimuma likums

. . T Cu| Fe
«AugSanu nosaka nevis | ;dhlln Mal
Kopéjais resursu daudzumes, ol |Zn Y
bet limit&josais (minimali | 'T* : w
pieejams) resurss» e S

Karls Sprengels,
Justs fon Libigs

- e «Libiga muca»
Justus von Liebig



Mineralelementu trikuma simptomi augos

Trikuma simptomi izriet no attieciga elementa funkcijas auga:

MAKROELEMENTI — strukttrelementi,
veido auga Stnas un to struktiras, enzimus

MIKROELEMENTI — regulatorie elementi, enzimu kofaktori

|lznémumi -K un Si




Slapekla trikums

Vienmeériga lapu dzeltésana, vispirms — vecajam lapam
(N reutilizéjas), samazinats izmérs (lenaka augsana)

N ir proteinu
(aminoskabju),
nukleinskabju, hlorofila
fitohormonu u.c. vielu
sastava
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Epstein and Bloom 2004 Bergmann 1986
http://4e.plantphys.net Topic 5.1



Fosfora trukums

Lénaka augSana, samazinats izmérs (augi izskatas
jaunaki), lapas ieritinas, novéro sarkanus, violetus
plankumus vai joslas (P reutiliz€jas)

P ir proteinu,
nukleinskabju, ATF,
fosfolipidu sastava;

P trikuma gadijuma
mainas fosfolipidu un
cukuru sintézes
lidzsvars.

Lyle Cowell of Saskatchewan, Bergmann 1986
Canada 2007 Crop Nutrient

Deficiency Photo Contest

http://www.ipni.net/




Kalija trikums

Lapu malu dzeltésana, vispirms — vecajam lapam (K
reutilizéjas); brtingani plankumi malas un lapu galos, vélak
— starp dzislam

K regulé atvarsnisu
darbibu, cukuru
vielmainu, membranu

- osmotisko potencialu
- U.C. procesus

Epstein and Bloom 2004 Bermann 1986



Kalcija trikums

Neattistas jauni meristématiskie audi (galotne, saknes),
glotaini stinapvalki; izpauzas vispirms aktivi augosas auga
dalas

Ca ir sinapvalku
sastava (Ca pektati -
zelejveidigas vielas)

Ca** joni Slinas pilda
signalfunkcijas

-Ca Sugar beet; 2007 Crop Nutrient
Deficiency Photo Contest



Magnija trikums

Lapu hloroze (zala pigmenta trikums) starp dzislam
vecajam lapam (Mg reutilizéjas); lapas kltst raibas.

Bergmann 1986
Epstein and Bloom 2004



Séra trukums

Lapas vienmérigi dzelté, kllst balas vispirms jaunas,
kopuma vienmeérigi visa auga (S reutilizéjas, bet tas
nekompenseé trikumu). Trauslas lapas.

S ir aminoskabju,
koenzimu, vitaminu
sastava

Epstein and Bloom 2004



Dzelzs trukums

Hloroze jaunajam lapam (Fe nereutiliz€jas); vispirms starp
dzislam, vélak lapu platnes var k|t pilnigi balas.

Fe ir hlorofilu
sintézgéjoso
enzimu sastava,
art citu enzimu
kofaktors

Spa nt Disease Clinic

nutrientsoil-ph-imbalances Deficiency Photo Contest

-Fe Banana; 2007 Crop Nutrient


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

Cinka trikums

Rozetveida lapas, nekroze starp lapu dzislam

Epstein and Bloom 2004

-Zn Corn; 2007 Crop Nutrient
Deficiency Photo Contest

Zn piedalas
aminoskabes
triptofana sintéze,
Ir vairak neka 200
enzimu kofaktors



Bora trukums

Augsanas konusi (galotnes) un vadaudi, slikti attistas; lapu
visana, trauslums; auglu ptisana, nekrozes

B piedalas cukuru
transporta (veido
kompleksus ar
cukuriem) un

Ir nepieciesams
lignina sintézei

Bergmann £986 wwwbitkisagligi.net



Silicija trdkums

Augs zaudé formu, atgadina vitusu augu

Si ietilpst SGnapvalku sastava,
piedod tiem mehanisku
izturibu. Zalaugu meristémas

- s WY -

www.knowledgebank.irri.org



Mineralelementu uznemsana
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Spurgalinas — epiblémas
(saknes epidermas)
sunu izaugumi
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Udens un mineralvielu transports
saknes sUnNas

1 — saknes spurgalina

2-6 — saknes mizas
parenhimas sStnas

/ — endodermas suna

8 — pericikla stina

9-11 — centrala cilindra
parenhimas stnas

Maurina, 1987 12 — vadaudu Suna (traheja)



Mineralelementu transports uz
saknes centralo cilindru

Movem t of water
through the endodermis
to the center of the root




Saknes izdalijumi, alelopatija

Atbilstosi auga sugas un augsanas
apstakliem saknes varizdalit augsné:
- aminoskabes

Alelopatija - vienas

- skabes . o
N t

- mineralelementus (Ca, Na, K, Co) mtekg&z;ﬂz" citam

- cukurus '

sugas augu (t. s.
- DNS u.c. Nukleinskabes, fenolus
- fiziologiski aktivus savienojumus

saknu izdalijjumu)
Pieméri: ! -
pupas (Fabaceae) — aminoskabes ' " -

ellas augi — fosforskabe, mineralelementi B [ §
abele (Malus) — fenoll B« »E
varpata (Elytrigia repens) — benzoskabe,
kanélskabe, kas kavé citu augu saknu
attistibu (Baziramakenga et al. 1994), fenoli




Augsnes sastavs

45% Mineral

25% Water

Augiem nepieciesamas baribas vielas

- izSKIdusas augsnes skiduma
(pieejamas augiem, bet izskalojas)

- adsorbétas uz augsnes dalinam
(augiem pieejamas apmainas
absorbcijas rezultata)

- neskistosu savienojumu veida
(augiem maz pieejamas)



Jonu apmainas absorbcija




Slapeklis augsné
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Pieejams augiem



Slapekla cikls




Kapec slapeklis ir gruti pieejams?
N, +3H, — 2NH,

300-500 °C, 25 MPa (246 atm)
Habera-Bosa process




Bakterioriza, simbioze
ar slapekli fikséjosam baktéerijam

Smilsu kultura izaudzeéti
zirni.

1,2 -Dbez
guminbaktérijam,

3 — guminbaktérijas uz
taurinziezu sakném

University of Reading, Rhizobium research
group



Bakterioriza, simbioze
ar slapekli fikséjosam baktérijam
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Bakteriorizas biologiska nozime:

Augi ar sakném uznem mikroorganismu izdalijumus -
vitaminus, enzimus u. c. fiziologiski aktivus savienojumus

Mikroorganismi izmanto augu organiskos savienojumus

Gaisa slapekli saistitajas baktérijas: Azotobacter,
Clostridium, Klebsiella, Rhizobium, Actinomyces, Frankia,
Azospirillum, Anabaena, Nostoc parvers N, augiem

Izmantojama forma (pateicoties fermenta nitrogenazes
darbibai).



Mikoriza, simbioze ar SEném

EKTOMIKORIZA ENDOMIKORIZA
(vezikulari-arbuskulara
(10% augu, kokaugi) mikoriza)

Endomycorrhiza

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



Mikorizas biologiska nozime:

Mikoriza ir augu un sénu simbioze.

Mikorizas biologiska nozime:

 "Virsspurgalinas” — palielina virsmu

« Sénu izdalijumi rada skabu reakciju,

S X A~ kas sekmé P, Zn, Cu u. c. uznemsanu

-1 R L « Sénu izdalitie fermenti $ke| augsnes

organiskos savienojumus

I AN, « Sénes izdala antibiotikas, fenolus

e u. C. savienojumi, kas kavé patogénu sénu attistibu,
pieméram, Boletus bovinus uz eglu sakném —
novérs saknu trupi

) Ny AR .,« 'M‘Jﬁ{-
¥ "‘é‘ll%_‘
Q " & I
* Sénes saista smagos metalus.

Ektomikoriza uz dizskabarza sakném _ o o o
Mohr, Schopfer 1995 e Sénes no simbiozes ar augu iegust — oglhidratus,

vitaminus u. c. organiskus savienojumus.
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Salinity

Tolerant Susceptible
IR65192-4B-10-13 IR29

5 :i-fl‘al, , / :
IR 27/
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Augsnes sasalosanas: \ (W ‘m b
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*Udens uznem3anas traucgjumi .\ MBI
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*Mineralas barosanas traucéjumi

‘Na*, Cl-, Mg?* jonu toksiskums




Fotosinteze

e
|[e

1771. g. Dz. Pristlija eksperiments

Joseph Priestley



Fotosintéze - gaismas energijas transformacija
organisko vielu kimiskaja energija, izmantojot
oglekla dioksidu un Gdeni. Fotosintéze
raksturiga zalajiem augiem un fotosintezéjosam
baktérijam

CO2+ H20 = [CH20] + O2




Van Helmonta eksperiments, XVII gs

Agua da chuva

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

Augs aug no gaisa un tudens?!



JohnFrazee.com

Aréja membrana

lekséja membrana

AUgU
hloroplastu lapas
-augu-tapu $ina saista

e gaismu

Uz hloroplastu
membranam atrodas
HLOROFILA

molekulas



Kapeéec augi ir zal
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Absorbcijas spektrs: parada,
kuras spektra dalas absorbé konkréta viela

Chlorophyll Absorption Spectrum
of Visible Light

400 450 6500 550 600 650 700
Wavelength (nm)

Hlorofila absorbcijas spektrs



Relative absorption (percent)
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Chlorophyll b

Chlorophyll a

Chlorophyll a . ;
Carotenoids Phycocyanin

Phycoerythrin |Chlorophyll b

Wavelength of light (nanometers)

Vaskularo augu
pigmenti:

Hlorofils (a, b)
karotinoidi
antociani

Algu pigmenti

Fikobilini
Fikocianins
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Hlorofils

Fizikali-kimiskas 1pasibas:

salikts esteris

Skist organiskajos (labak — nepolarajos)
skidinatajos — spirta, estert, benzola

reagé ar sarmiem (veidojas hlorofilids) un
skabém (veidojas feofitins)

absorbcijas maksimumi:
hla: 440, 660 nm; hlb: 460; 640 nm

fluorescence: 668 nm

Fiziologiska loma auga:

saista gaismas energiju un nodod to fotosistemu
reakciju centriem, kur notiek primaras fotosintézes
energijas parvérsanas reakcijas




Hlorofils

Hlorofila trtkums auga:

AlbTnisms: pigmenta trikums
genétisko Tpasibu dél (art raibas lapas)

Hloroze: mineralelementu trikums (Fe,
Mg)

Etiolacija: tusma vai zema
apgaismojuma apstaklos nenotiek
hlorofila sintéze

Hepatica maxima —
liela vizbulite y. ‘ — ¥

Urtica dioica, |
iela natre

P

Raiblapaina klavas forma




Karotinoidi

H3C\RC;CH3 HC, _CH
B, C-CHe CH-CCH-CHe CH-C=CH-CHeCH-CH=C -CHeCH- CH= C-CH=CH-C"*CH
| | I N
HEL-CHy  CH CH, CH, O, HE-C o CH,
H2 H2
Fizikali-kimiskas ipasibas: beta-karotins

tetraterpeéni (modificéti izopréna polimeri)
SKist organiskajos, nepolarajos
skidinatajos — acetona, benzola, hloroforma

absorbcijas maksimums: 400-500 nm
ksantofili — karotinoidu paveids, dzelteni pigmenti

Fiziologiska loma auga:

saista gaismu (paligpigmenti),novérs hlorofila sadaliSanos,
piedod krasu ziediem, augliem;

beta-karotins ir A vitamina priekstecis




Karotinoidi
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Acer palmatum, japanas klava
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Daucus carota,
burkans



Fikobilini

Fizikali-kKimiskas ipasibas:

OH

tetrapiroli Hoog  C=0

vy - -_ - - - I

SKist Gdent péc autolizes, i CH,  CHy Ch

neskTist organiskajos, nepolarajos ik ?’Hﬁ _;ﬁ Li g b

SlidinStS; A B C |1 D

skidinatajos DJ\N%J\NJ\,{&)\NJ\C)\JLG
H H H H

absorbcijas maksimums: 500-650 nm

Fiziologiska loma: algém u.c. Gden1 fotosintezéjoSajiem
organismiem nepieciesami hromatiskai adaptacijai
(saistito gaismas enegiju nodod hlorofilam)  gaescson o

Depth in
meters

S0

Gaismas spektrala
sastava izmainas
dazada dziluma:

200



Fikobilini

Sartalge
fikoeritrins

Cianobakteérijas
fikocianins
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CH, CH, CH, CH, CH, CH,
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Fizikali-Kimiskas 1pasibas:
glikozidi

(polifenoli saistiti ar cukura molekulam)
SKist Gdeni
maina krasu atkariba no pH

P Rubus plicatus
krokaina cuicene

absorbcijas maksimums: dzeltenaja,
zalaja un UV spektra dala

Fiziologiska loma: antociani atrodas Stnsula

(vakuolas), absorbé UV un zilo gaismu, kura

var parslogot fotosistémas;

veido ziedu, lapu, auglu krasu, ir atioksidanti,

var piedalities termoregulacija, s L e

saistiti ar cukuru vielmainu auga Fagus sylvatica—
Eiropas dizskabardis
Skirne ‘Purpurea’ts,

T

- T
o s e e
F et




gaisma

Fotosintézes reakcijas

0,

2H,0

-
»

ATP

/ NADPH

(CH,0)

UZ HLOROPLASTU

TILAKOIDU
MEMBRANAM

HLOROPLASTU
STROMA

Plant Cell Chloroplast Structure




Fotokimiskas reakcijas

heat Gaismas absorbcija

fotosistema
fluorescence

“ Light
J g

PHOTOSYSTEM



Fotokimiskas reakcijas




A

Thylakoid membrane

Fotokimiskas reakcijas

Photon Photon
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space (3} Electron transport chain
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%. +2 @ by chemiosmosis

Copyright @ 2005 Pearson Education, Inc. Publishing as Pearson Benjamin Cummings. All rights reserved.
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Biokimiskas reakcijas

CH,0 (|§ (!ZHZO ?OOH
IR - ©—@
.f f=o | HO—C—H *+ H—C—OH
=003 R | B g § 5 B — wmm——
i _on | | |
Carbon (C) ©OOH CH,0
dioxide CHO é
Ribulose
bisphosphate Carbon skeleton Two molecules D:f _
(RUBP) of reaction 3-phosphoglyceric acid
intermediate (3PQ)
1ic *5C ——» 6C ——» 3C + 3C
Ribulozes bifosfats Gliceraldehida fosfats

CO, (oglskabas gazes) asimilacija



Biokimiskas reakcijas

Input

3 (Entering one
co, at a time)

Phase 1: Carbon fixation

intermediate

3090 000® ¢Q0-0-0-P

Ribulose bisphosphate 3-Phosphoglycerate
(RUBP) 6
X 6 ADP
CALVIN N

CYCLE 6 P-0-0-0-F
1,3-Bisphosphoglycerate

Glucose and
other organic
Output compounds

CO, (oglskabas gazes) asimilacija: Kalvina cikls



Fotosintezes tipi

I
piesaistot CO2 molekulu,
zsKir 3 pamattipus

| T

C3 C4
Crasulaceae
Oksaloacetats Acid Metabolism
(4C)

e

CAM

3-fosfoglicerats
(3C)

Oksaloscetats

(4C) - malats
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NN M 3 Hepatica nobilis
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Pinus sylvesftis 65304 ™\ «* Z|Ia V|ZbU||te
Pinus sylvestris
parasta priede

Quercus robur
parastais ozols

Foto: Ame Andetberg



Panicum miliaceum
prosa

Zea mays Saccharum officinarum
parasta kukuriliza cukurniedre

:I:". .. ,j%;v N2 Gemeiner Mais.



C4 tips
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Jauktais
C3-C4 tips

Lycopersicum
esculentum édamais
tomats

Nicotiana tabacum Vitis labrusca
parasta tabaka Amerikas vinkoks
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Yucca filamentosa

Sedum acre Skiedru juka

kodigais laimins

Crassula aquatica
tdenu biezlape



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



Fotosintézes nozime

Gaismas energijas transformacija Kimisko saiSu energija
(1-2% Saules energijas)

 Sintez&jas organiskas vielas
(~2 x 10" t gada)

 Atjauno skabekla daudzumu uz Zemes

* Novérs CO, uzkrasanos atmosféra

* Augi noveérs piesarnojumu un spé€j regulét klimatu uz Zemes



Augu elposana

Respiration
sH 1206 + O

C.H.O

6" 12

+60,-> 6 CO, + 6 H,O + energija

6



Aeroba elposana ir procesu kopums

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

Aerobic Respiration Overview

. - | ———

Acetyl CoA. M"é

A =
h R B
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Extracellular

fluid

Glikolize ir anaerobs
process, kas notiek
citoplazma un hloroplastos

Krebsa cikla reakcijas
notiek mitohondriju matriksa

ATP sintaze atrodas uz
mitohondriju membranam



Krebs Cycle
(Citric Acid Cycle)

Krebsa cikls:
§ Pyruvic acid AD' Glikolizes procesa radusais
eCo, 4% NADH piruvats tiek pilnigi saskelts
Acetyl-CoA § lidz CO, un H,O.

nAD'

uwstudentweb.uwyo.edu
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Chemiosmosis ATF (ATP) sintéze

Intermembrane 3 - ’
space @ @ mitohondrijos
; ""!L Inner
O mitochondrial
membrane
C AN (] ] C N ] CCOK 2'9'¢ & a9
I
*'e li LA % 'e" \ ‘ H l
ADP + Pj

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

) Ribulose-5-phosphate

copyright 1998 M W King

Non-oxidative reactions

Pentozofosfatu cela
glikoze oksidéjas
citoplazma,

Pentozu fosfata cels

Non-Oxidative Stage of Pentose Phosphate Pathway

copyright 1996 M. W King

Ribulose-54¢hosphate

Ribulese-5-phosphate
J-epimerase

Xylulose-5-phosphate

|

Ribulose-5-phosphate
isomerase

Ribose-5-phosphate

Transketolase

Sedoheptulose-7-phosphate Glyceraldehyde-3-phosphate

Transaldolase

Veidojas NADPH un

5C cukuru

fosfati(vajadzigi
nukleotidu sintézei)

Glyceraldehyde
3-phosphate

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



Augu elposanas Tpatnibas

‘nedaudz samazinata efektivitate
*Var notikt spirta rlgsanas process
*lielaks plastiskums

alternativas biokimiskas reakcijas
augiem ipatnejie enzimi
regulésanas Tpatnibas




Transpiracija

Transpiracija ir tdens parvietoSanas no auga sakném
lildz virszemes dalam un kontroléta iztvaikosana no
virszemes dalu, galvenokart lapu, virsmas




Faktori, kuri nosaka transpiracijas intensitati

Auga ipasibas:

* atvarsnisu skaits un stavoklis

* |lapu kutikulas biezums

* lapu morfologiskas 1pasibas
(Gdens tvaika robezslana biezums)

V'deS faktori: Atvarsnites:
temperatura lapu epidermas
* galsma struktdras, kuras
* v@ja atrums veido oo e
° mltrumS Sp@ClallzetaS Stomate Stomate

lapu epidermas
sunas, slédzéjsunas


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

Metabolisma procesi auga vienmer
Ir mijiedarbiba

Respiration
{day and night}

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



