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Why are we interested in plant stress?

POPULATION OF THE EARTH
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World population: estimates, 1800-2022, and medium projection
with 80 and 95 per cent prediction intervals, 2022-2100
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Why are we interested in plant stress?

“Abiotic stress is the primary cause of crop loss

worldwide, reducing average yields for most major crops

by more than 50%...”

(Wang et al. Planta 2003)



What Is stress ?
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Plant stress is not psychologicall
but what exactly is plant stress?

Insect damage

Acid rain



What is plant stress?

Plant Biology by Smith et al., (2010)

“A stressful environment is any environment that is less than
optimal for plant growth”



What is plant stress?

Plant Biology by Smith et al., (2010)

“A stressful environment is any environment that is less than
optimal for plant growth”

Problems:

Does an “optimal” environment exist?

If so, are plants always stressed?



Non-optimal conditions versus plant stress

Blackman; the law of limiting factors
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light. The rate of photosynthesis of a sorghum leaf (Sor- y
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€O, concentrations in air. (After Fitter and Hay 1987) 4
’ influences plant growth and development

Is this stress?




What Is plant stress?

Biochemistry & Molecular Biology of Plants by Buchanan et al.
(2000)

“Stresses; external conditions that adversely affect growth,
development or productivity”

Plant Physiology by Taiz and Zeiger (2010)

‘Stress is a disadvantageous influence exerted on a plant by
external abiotic or biotic factor(s), such as infection, or heat, water

and anoxia.




What is plant stress?

Biochemistry & Molecular Biology of Plants by Buchanan et
(2000)

“Stresses; external conditions that adversely affect growth,
development or productivity”

Plant Physiology by Taiz and Zeiger (2010)

“Stress is a disadvantageous influence”

Question:

Is stress the “external condition” or the “plant response”™?



Stress and “external conditions”?

Conditions that comprise a stress for one plant species are
not necessarily a stress for another species.

Is a temperature of 5-10°C a stress?

Saguaro cactus

Chilling stress maize No chilling stress peas

Consequently, stress conditions are very important in terms of
biodiversity and plant distribution.
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Terminology

Concept of stress;

“external constraint” or “stress factor” or “stressor”
and its result

“the state of stress” or “stress response” or “stress”

which describes the response of the cell, plant or ecosystem,




What is (plant) stress?

Hans Selye (endocrinologist)

1907-1982

The stress response has two components:
+ a set of responses called the "general adaptation syndrome"

« a pathological state from destructive, unrelieved stress

The positive, adaptive, stress response triggered by low doses of
a stressor is named

The negative siress response caused by high doses of a stressor
is name




Evaluation of plant stress responses

Eustress
- Readjustment metabolism

Shadegvs sun leaf

- Induction repair and protection responses (acclimation)
ROS signalling (specific)
Changes gene expression
Accumulation phytochemicals and antioxidants
Morphological and developmental stages

Distress
- Physiological destabilisation
Oxidative damage

ROS signalling (generic)
DNA damage
Inactivation photosynthesis

Production distress hormones
Cell death

In a natural environment, with fluctuating stressors, plants will
display mixtures of distress and eustress



Eustress; is that stress?

Farmer

Low rain: root/shoot ratio increased

re

Yield is lower than hoped for
Non-optimal production!
My crop is stressed

Farming income |
World food supply |

Scientist

wheat

%

Crop has optimally adjusted to environ
No macroscopic damage
Fv/Fm is normal

This crop is healthy




Dose of a stressor determines
whether plant experiences eustress
or distress

(thus; different responses depending on the stressor dose)



Distinct responses low and high Cu

AA (pmol / g FW)

/H

Cu (LM)

100

Cu-induced changes in
ascorbate acid in Arabidopsis
exposed for 1 day

-Low Cu induces increase in AA
(Eustress)

-High Cu induces decrease in AA
(Distress)

Dose (and time) dependancy of
metabolic response

Free after Drazkiewich et al.. Plant Science
2003



What Is stress?

Stress, strain and damage
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Stress model based on mechanics Normal Elastic Plastic Overly
condition deformation deformation sress of

ireversible) (irreversible) the system

Distinction between:
« Areversible component of stress

* Anirreversible / permanent component, concept loosely similar to

distress (i.e. think cell death) However plants can repair

damage, so this concept is not as
ar as in mechanics



5 Plant:state |

What is plant stress? Voo e

State functior

Reto Strasser

Stress model based on existence set of thermodynamically optimal states

+ Stress is a deviation from the normal, non-stress condition

* Non-stress; when a plant is at a thermodynamically optimal state

« Stress; when the plant is temporarily in a thermodynamically sub-optimal condition, due to

environmental change



What is plant stress?

Terminology

Stress response, or state of stress, or stress, describes the response of the cell,

plant or ecosystem, following exposure to a stressor

e eu-stress / reversible stress = a mild, acclimative, often specific response

10 a stressor

e distress / irreversible stress = a strong often generic response to a

stressor, involving substantial (sub)-cellular damage



STRES KAVRAMI

Fizik biliminden alinmistir ve basing veya gerilim anlamina gelir.
Bir cevrede devamli veya arada olan oldurici olamayan kosullar,

Stres kosullari kisa sireli (toprak pH) veya uzun sureli (toprakta tuzluluk veya
mineral eksikligi) olabilir.

Bitkide biylimeyi ve metabolizmayi olumsuz etkileyen herhangi bir durum,
Dis faktorlerin zorlamasi ile olusan etki,

Cevre kosularinin normal metabolizmasini olumsuz yonde etkileyecek kadar
degismesidir.

Stres kosularinda metabolik olaylar ya bir yone kayar ya da indirgenir.

Stres kosullarina adapte olmus bitkiler stres sartlarinda stres altinda kalmis
sayllmaz.

Stres kosullari ve bitkilerin adaptasyon yetenegi bitki tiirlerinin dagilisini etkiler.
Strese tolerans: Bitkinin olumsuz ¢evre kosullari ile basa cikabilme yetenegidir.

Alisma: Bitkinin dnceden strese maruz kalmasi toleransi arttirmis ise bitki alismis
olarak kabul edilir.

Adaptasyon; pek ¢ok nesil boyunca secilme sonucu kazanilan genetiksel olarak
belirlenmis direncin duzeyini belirler.



Stres Faktorleri

Bitkiler
Kalabalik,
Allelopati,
Parazit bitkiler

Radyasyon Sicakhk
Eksiklik, Is1,
Fazlalik, Soguk,

UV radyasyon Don

Disuk sicakhk _ ,
Mikroorganizmalar

Viruslar

Su :
Gazlar Bakteriler

Kuraklik (Hava, toprak),

Taskinlar Oksijen eksikligi, Funguslar

Volkanik gazlar
Hayvanlar/zararhlar
Bitki besin elementleri Otlatma

Eksiklik, Mekanik etkiler Cigneme

Fazlalik, Riizgar, Emgi ve hastalik tagima
Dengesizlik, Toprak kaymasi,
Tuzluluk, Gomulme,
Agir metaller, Kar ortusd,
Asitlik, Alkalinite Buz tabakas!

Antropogenik stres
Kirlenme
Agrokimyasallar

Toprak sikismasi

Yangin

lyonize radyasyon
Elektromanyetik alanlar
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Figure 2. Strain as defined in the Strasser (1988) state-change concept (see Figure 1).




Stress Plant
characteristics characteristics

RESPONSES Results

— Organ or Avoidance Proximal
Severity tissue in Resistance ACCLIMATION
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Bitkilerin Strese Tepkileri




Bitkilerin Stres Faktorlerine Karsi Tepkileri

 Bitkiler stres kosullarina tg tarla tepki verirler
— Kacma (avoidance)

 Bitkisel 6zelliklerini degistirerek, derin kok olusturarak, cabucak ¢cogaltim
organlarini yaparak, yapraklarini dokerek...

— Tolerans (tolerance)
e Olumsuz kosullarda hayatsal faaliyetlerini strdurur.
— Zarar gorme/olme (hemen veya gecikmis)
* Elastik ve plastik 6zellikler

— Elastik: Stres kosullari kalktiginda eski durumuna doénen o6zellikler.
— Plastik: Stres kosulu kalktiktan sonra da eski haline dénmeyen ozellikler.

* Adaptasyon (Adaptation): Nesiller boyunca gerceklesen bir
seleksiyon sonucunda kazanilan kalitsal diizeydeki stres toleransi.

e Alistirma (Acclimation): Bitkinin 6nceden diislik derecelerde strese
maruz birakilmasi ile stres toleransinda meydana gelen artis.



ADAPTASYON

Adaptasyon, yapisal, davranissal, veya fizyolojik
olabilir.

v’ Yapisal adaptasyonlara 6rnek olarak, deri rengi, viicut sekli,
vlcut ortasu, yaprak sekli, yaprak rengi, kok derinligi
verilebilir.

v’ Davranissal adaptasyon icin fototropizm 6rnek verilebilir.

v’ Fizyolojik adaptasyonlara 6rnek olarak bir protein tretmek,
rizosfere organik asitler salgilamak, 6zel sekonder

metabolitler Gretmek gibi biyokimyasal yollar veya sistemler
gosterilebilir.



Structural Adaptations
* Adaptations to get sun light and save water
— Leaves and stems absorb energy from the sun.
— Cacti save water by closing stomata during day time.




Structural Adaptations
* Adaptations to get water and nutrients

—Roots soak up water and nutrients from soil.




Structural Adaptations

* Adaptations for reproduction

— Sweet fruit attracts animals that spread seeds
far away.

—Some seeds are shaped to catch the wind




Structural Adaptations

* Adaptations for defense

— Spines and thorns protect plants from predators




Behavioral Adaptations

— Plants lean or grow towards the sun.
— Roots grow down into soil.
— Vines climb up trees to catch sunlight.




Saat: 15:30 Isiga yonelmis bitkiler




Saat: 15:30 ters cevrilmis bitkiler




Saat: 16:0
35 dakika sonra bitkilerin yon degistirmesi
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Behavioral Adaptations

« Adaptations to save living organism

—Desert plants can stay dormant for months,
only coming to life when it rains.




Behavioral Adaptations

» Adaptations for reproduction
—Plants drop seeds to grow new offspring.




Adaptations

— CAM plant open stomata during night

OCAM plants keep stomata closed during
the day to minimize water loss

O Only open stomata at night

Closing: Opening:
Water leaves, Water enters,

cells shrink, cells swell,
stoma closes. stoma opens.

\/




Physiological Adaptations

* Adaptations for defense

— Poison vy and Poison oak have toxins that
give predators a painful itchy rash.




Physiological Adaptations

* Adaptations to drought (osmoregulation)

— The cell's ability to reduce the osmotic potential and keep water inside by
accumulating appropriate organic and inorganic substances.

| Osmoregulatory adaptations

Plants such as mangroves
develop structural and
physiological

adaptations to regulate
the osmotic balance of
their cell contents - i.e.
To carry out osmoregulation.

The cacti and other plants
living along the hot, dry
scrubland of the Palisadoes
strip also develop special
adaptive features for
osmoregulation.




Stres Kosullarinda Bitkide Olusan Metabolik ve Yapisal Tepkiler

Etilen STFES Lipaz
Salisilik asit Glukonaz

Oligosakkaritler HUCRE DUVARI Kitinaz

Jasmonik asit 1 \

Sitemin MEMBRAN
Absisik asit l Su basinci
Ca* Sinyal ileticiler Elektriksel yiikler
/ CEKIRDEK

ROS (reaktif oksijen tlrevleri)
Savunma enzimleri
Anti-oksidantlar

Degismis hlicresel metabolizma
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Hlcre Ceperinin Parcalanmasi ve Bitki Savunmasi

Enzimler ¢eperin hidrolizine ve parcalanmasina destek olurlar

Hemiselliloz ve pektin hlicre duvarinda dogal olarak bulunan bazi enzimler
tarafindan degisiklige ugratilabilir veya tamamen bozulabilir.

Glukanazlar ve ilgili enzimler hemiseltlozun omurgasini hidrolize edebilirler.

Ksilozidazlar ve ilgili enzimler yan dallari ksiloglukan omurgasindan
ayirabilirler.

Transglikolizazlar hemiseltlozlari kesip birbirlerine ekleyebilirler.

Bu degisimler ceperin fiziksel 6zelliklerini degistirebilir.

Ekpansinlerin mRNA’larinin domatesin olgunlasmasinda ¢eper yikiminda
gorev aldiklari belirlenmistir.

Yumusayan meyvelerde pektin metil esteraz enzimi ytksek diizeyde ifade
edilir. Pektin, pektinaz ve ilgili enzimlere duyarli hale gelir.

Bu enzimlerin ¢ceperdeki varligi, ceperin gelisme esnasinda onemli
degisikliklere ugrayabilme yetenegini gostermektedir.



Hicre Ici Tepkiler

* Hucre ceperleri
— Hucre c¢eperi; pektin ve hemisellilozdan olusan matrikse gomulu sellloz
mikrofibrillerden olusur.
— Hucre ¢eperi; orta lamel, primer ceper ve sekonder ceperden olusur.
— Stres kosularinda lignin ve kalloz artar ve ceper saglamlasir.

e Hucre zarlari

— Hiucre, vakuol, ER, golgi cihazi, kloroplast, mitokondri zarlari.
— Stres kosullarinda zar bitinltgi ve gecirgenligi bozulur.

— lyon ve su dengesizligi ortaya cikar
— Stres kosullarinda, aktif oksijenler (ROS) hiicre zarindaki doymamis yag asitlerini
oksitleyerek Jasmonik Asit gibi mesajci molekitllerin sentezlenmesine sebep olurlar

ve savunma mekanizmasi uyarilir.
Sinyallerile gen

Stres E:jei'erlve| Stres icin Sinyalin Stres aktiflestirici
zardakl alicilar ) - :

faktori 4 ile stresin Smyal " aktarilmasi 24 faktoru aras.|nd.ak|
etkilesim

olusumu
algilanmasi l

\\
‘\ Cevabin ortaya konmasi

Etilen, JA, Salisilik asit, Ca++ /Kalmodulin sistemi, inositol
fosfat ve kinonlar...



Htiicre Ceperinin Parcalanmasi ve Bitki Savunmasi

e Oksidatif Patlamalar Patojen Saldirisina Eslik eder

— Yaralanma veya bir takim kicik molekal agirlikli elisitérlere
maruz kalan HC’inde yuksek oranda AOT (ROS) Uretilir.

— Bu oksidatif patlama patojenlere karsi bir savunma
mekanizmasi olabilir.

— AOT dogrudan patojenlere zarar verebilir.

— HC’nin fenolik bilesenlerinin hizl bir sekilde capraz
baglanmasina neden olarak saglamlastirabilir.

— Or: Tutun yapraklari yaralandiginda veya elisitdrlere maruz
birakildiginda, prolince zengin yapisal ceper proteinlerinin
hizlica ¢6zlinmez forma donustugu tespit edilmistir.



Htiicre Ceperinin Parcalanmasi ve Bitki Savunmasi

Ceper Parcgalari Sinyal Molektilii Gorevi Yapabilir

v

v

Hiicre ceperleri parcalandiginda 10-15 kalinti uzunlugunda biyolojik olarak
aktif parcalar olusur (oligosakkarinler).

Bu parcalar dogal gelisim veya savunma islemlerinde gorev alirlar.

v’ Fitoalaksin sentezinin uyarilmasi ,Oksidatif patlamalar, Etilen sentezi, Hiicre zarinin
depollarizasyonu, Sitoplazmik Ca miktarindaki degisimler, Kitinaz ve glukonaz gibi
patojen ilgili proteinlerin sentezi

Phytophtora saldirisinda patojenin urettigi enzim tarafindan

oligogalaktronanlar (pekini parcalayarak) adi verilen parcalar Gretilir. Bu

parcalar hiicrenin coklu savunma sistemini gostermesini tetikler.

Bitki HC’i, mantar hicre ceperine (B-D glukan)’a saldiran B-D-glukanaz enzimi
icerir. Bu enzim saldiri aninda elisitor gibi davranan glukan oligomerlerini
ortaya cikarir.

Oligosakkarinler normal bitki buyumesi ve farklilasmasinda da gorev alirlar.
v’ Ksiloglukandan kokenlenen bir nanosakkarid 2,4 D hormonun etkisini dnlemistir.

v’ Ksiloglukan kdkenli oligosakkarin oksin tetikli ksiloglukan parcalamasini geri
beslemeli olarak engellemektedir.
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Molekuler Duzeyde Bitkilerin Tepkileri

Bitkiler, stres faktorlerine karsi bazi molekulleri sentezlerler

e Sekonder metabolitler

— Dusuk molekul agirlikli bilesikler
* Fitoaleksinler, fenoller, kinonlar, poliaminler, fenilamidler, karotenoidler,
terpenoidler, alkoloidler, prolin, jasmonik asit ve absisik asit...

— Yuksek molekdil agirhkli bilesikler
* Lignin, suberin ve kitin

* Polisakkaridler

— Polisakkaridlerin basinda Kalloz gelir. Kalloz ($-1-3 Glukan) stres
kosullarinda sentezlenir ve hucre zari ile hiicre duvari arasinda
depolanir. Hiicre duvarinda stres faktorune karsi bir bariyer olusturur.

— Kalloz yaralanmalarda yaralanan yeri kapatir (6r: floem).

* Proteinler

— Farkh molekul agirliklarina sahip proteinlerdir (yapisal ve enzim) ve
normal kosullarda sentezlenmezler. Stres kosullarinda sentezlenirler,
stres faktoru ortadan kalktiginda bu proteinler de ortadan kalkar. (Heat

shock protein)



Submolekiler Duzeyde Tepkiler

Stres faktorlerine tepki olarak hiicre icinde serbest radikaller
olusturulur

Serbest radikaller oksijen iceren molekuller aracihigi ile olusturulur.
Superoksit (O,-), hidroksit (OH-), perhidroksit (HO,-), peroksi
(ROO), Fenoksi (C,H,0), singlet oksijen (*0,) bu yapilardaki O aktif
oksijen (AO) olarak adlandirilir

AQO’lar yuksek oranda reaktif ve kisa 6murlu ve protein, yag ve

polisakkarid gibi molekuller ile cabucak etkileserek bozulmasina
sebep olur.

Normal kosullarda AO orani dustktir

Stres kosullarinda AO hemen yukselir hiicre icin yikici etkileri
vardir.

Ancak son donemlerde, antimikrobiyal 6zelliginden dolayi ve
lignin ve suberin sentezini uyarttigi icin koruyucu rolt oldugu da
soylenmektedir.
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