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ABSTRACT up their structural and functional unit, the study of

This review suggests that plant senescence is $enescence has beerocused considering
self-induced process. This proposition is based ofulticellular organisms as the main conceptual
changing relations among Iseand organs in a object.

growing system, originated by growth itself, and The study of senescence rimlticellular organisms
differentiation due to adaptation to internal andhas been addressed from different perspectives:

changing conditions durg development. This e convenient approach to the problem is still to
succession of events has been called stresgy gycidated.

functions or emerged features. Among them are _ .
mentioned: growth in height restricting water A Study of senescence focusing on an organism
supply to the most distal parts; the seedhas not been con(_jucf[ed yet probably bepause the
germination, modifying the relations with oxygen rules of cell organization (uiticellular organisms)
during the change from anaerobic metabolisms t@nd the changing nature of cells during development
an aerobic one; leaf growth and differentiationof an organism are unknown. Thus, we believe
generating toxic hyperoxic conditions in autotrophicthat growing, reproducing and dying are basic
cells; the surce-sink relations, inducing senescencestagesin the life of multicellular organisms. We

in source organs by deficiency; sugar accumulatioralso believe that growth detention-a consequence
and growth regulators or hormones inducingof the sigmoid function-simply means the end of
oxidative process. The reactive oxygen specieshe growth stage.

gF;oOuSIZI gt;aene[ﬁ;?grurpgg(;uolllaf:{ggntosftrzsrgvstc;]ndghodnp\ cell-oriented analysis of senescence based on

differentiation processes that became in senescent If-organization OT cells Ieao_llng to the
of both autotrophic organs, which are more evelopment of multicellular organisms allows us

sensitive to oxidative process and heterotrophid® understand development and senescence from a

ones, which being more tolerant to oxidations"€W Perspective, even if we overlook molecular
assure specie perpetuation. relationships and physicochemical components of

the organization. Indeed, growth detention in a
KEYWORDS: senescence, auto-organization, stresgnulticellular - organism means that the cell-

environment interaction is no longer suitable for
INTRODUCTION division and growth to continue. It has been long
Iacknowledged that cells that have stopped
ﬁrowing in an organism’s tissue recover their
capacity to divide when they are provided with
favourable conditions (i.ezegetative propagation)
*Corresponding author and that they are even capable of developing a
vtrippi@correo.inta.gov.ar new organism [1, 2].

Although the cell has been recognized as the bas
component of living organisms that makes
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Our analysis considers that senescence at amgtage in the life of organisms. However, the
organization level is basically related to the cellobservation of plant organisms reveals that
and an environment (internal or external) thatgrowth is a senescence-inducing factor. We will
tends to become less suitable for life and celbriefly explore some interesting cases.
persistence during development. Accordingly, we , _ _ _
will attempt to elucidate changes in multicellular G"aVity asawater siress-inducing factor during
organisms induced both by growth and byg'ro"vth
modified relationships between organs (Fig. 1). The development of xeromorphic structures in
plants from the lower to the upper canopy and
1. Stress-inducing functions during development along the shoots has been frequently described
approximately since 1900. Wangerman (1961) [3]

During the life of organisms, reduction and . "
oxidation reactions take place. Prevalence O*ndmates that the upper part of shaots show more

oxidation determines degradation  of CeIIxeromorphic traits than the lower part: cell size

functions, senescence and cell death. Some of tl%ecreafﬁs upvxl/)ards,f t?e ctut|c_le becomesd I;SS
stress factors induced by the functions that tak&/@Y, the humber of stomala Increases an €

place in the organisms as well as the stress fac,[O?Hisade tissue becomes thicker, vein reticulum is
exerted by the environment are listed below. aenser, tissues become more compact. A grad.ient
in leaf shape can be frequently observed, which

Growth as a senescence-inducing factor led Goebel (1908) [4] to define these plants as

Growth as a senescence-inducing factor has n&@ving heteroblastic growth.

been much documented possibly becaus&hen fodder cabbage plants are subjected to
senescence is considered inherent to the organiswater stress conditions, the lower leaves develop
due to genetically determined internal causesthe greatest Water Saturation Deficit values,
Likewise, the sigmoid growth function does notshowing a decreasing gradient towards the apex
seem relevant to the organism, since it only serves]. The same was observed in plants that have
as an indicator that development of an individuabeen completely removed during wilting [6]
has been completed. Growth is considered as @igs. 2 and 3).

Increasing stress conditions

Stress inducing
+Homeostasis limits

+Exponential +Growth detention

Mitosis Stress inducing +Reproduction
+Organization +Senescence
+Differentiation

Optimal conditions

Figure 1. Conceptual scheme of cell behaviour under different (internal+external)
environmental conditions that may lead itwdefinite division when environmental
conditions are optimal; organization and diéfetiation; up to cell division precluded by
the environment, leading to growth deten, reproductive growth and senescence.
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Figure 2. Changes in cell volume of the palisade Figure 3. Development of Water Saturation Deficit
parenchyma in leaves @apsicum frutescens L. with induced by water stress @abbage fodder [5].
increasing area of laminas number 2, 5 and 8 [7].

system, water requirements increase as well; in
Gravity determines and influences orthotropictyrn, water depends on roots that are in a soil
shoot growth. It seems reasonable to assume th@hose capacity to supply water is often
water and solute supply to the upper shoounpredictable, and where water supply tends to be
becomes more difficult as height growth occurs.a limiting or stress factor.
For water to be transported to the most apical
zones, cells develop low water potentials,2. Growth and differentiation modify
generating a root-upper shoot gradient. Thisell-oxygen interaction
gradient is formed during growth by the influence
of gravity and water column weight in the xylem.
Cells adapt to water availability by modifying It is easily perceived that as plants and their
their structure and functions, depending on theifrgans grow, they change their interaction with
genetically determined capacity. Thus, the shoothe external environment, since in an open system
will continue growing until the homeostatic Meristems may grow indeterminately if the
capacity allows cells to maintain their life surroundlng_enwro_nment allows their cells to
functions. When their homeostatic capacity hadreserve their functionality.
declined, division and growth stops. Hence, theDbservation of seed germination shows that seed
formation of xeromorphic traits in cells and cells (embryo) are in a hypoxic environment.
organs is the result of water stress conditions thaDnly few species, such as rice, can germinate in
limits growth, which in turn are generated by anoxia. Dicotyledonous seeds with lipid reserves
growth. It is also easily assumed that in a growinggerminate at 2-10 kPa oxygen, and those with

a. Germination changes cell-oxygen interaction
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starch reserves germinate at 0.01-0.1 kPa oxygerontent with respect to dry weight observed was
[8] (Fig. 4). interpreted as an alteration of the proportion of
 basic elements produced by enriched oxygen

germination stages ¢fhaseolus vulgaris occur in ~ compounds, probably — determined by  the
the presence of the fermentative enzyme&nvironment (Fig.s).

Alcohol-DH, Lactic-DH and Formic-DH, which The possible incidence of the Nitrate reductase
possess isoenzymes that disappear on the fourtnzyme (NR) was studied. NR activity decreases
day. An increase in isoforms and total peroxidasavith increased oxygen pressure [11] (Fig. 7),
activity is also observed [9]. These facts suggesshowing that inhibition by oxygen pressure occurs
that species persistence (Weissman’s germ line) ist translational or post-translational level [12].
based on a genetic determinism of cells thaThe enzyme activity increases up to 7 days of age
allows them to adapt their functioning to very and then decreases. In an atmosphere of 109% O
diverse environmental conditions, ranging fromdecrease of NR activity is accelerated, and at 4%
very low or anoxic oxygen content to conditions O, activity decrease is delayed, as when cysteine
that may be classified as hyperoxia. Therefore, wgs employed as antioxidant [13]. The evolution of
may assume that embryo germination or growthNR activity through leaf growth suggests that

forces cells to change their relationships withgrowth might result from a change in leaf
oxygen. Their genetic potential would allow oxidation (Fig. 6).

species persistence through resistance formLFh vsis of the devel t of
(seeds), which improve control of cell oxidation € analysis of the development of senescence
parameters-chlorophyll degradationy amino

because of their heterotrophic tissues. nitrogen, malondialdehyde  (MDA), and
b. Leaf and petal growth and its relationship with  conductivity-during oat leaf growth revealed that
oxygen concentration MDA increased constaly whereas chlorophylls
Leaf growth consists in the transformation of aand proteins decreased (Fig. 7).

foliar primordium into a leaf by differentiation of

the primordium’s small aggregated cells. Changes

It has also been demdreted that the earlies

involving an increase in the carbon/nitrogen (C/N)
or dry weight (DW/N) relationship have been 3 O____..--—--'O
observed during plant and leaf development by £ /
several authors [10]. The decrease of both C and N 2
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Figure 4. Saturating oxygen concentrations for Figure 5. Changes in the relationship between Carbon
cytochrome oxidase requirements and for respiration irand Nitrogen content and Dry Weight B&haseolus
seeds and roots [8]. vulgaris leaves at different ages [10].



Plant senescence: A self-induced process 5

F 0.3KPaO, ] . i Dark " 100 KPa 05
[ / [ e Light

]
21 KPa 02

-
-
(=

T

ey

L
T

L Y 5
1 I 1 1 — e ,

2 4 ¢ 8 2 4 6 8
Time (hours)

o umol NO,". (segment)” h™'

o
N
N
(=]

Figure 6. Nitrate Reductase activity in bieaves at different oxygen
content and in lighaind dark conditionas a function of tim§L1].

rapidly at higher @concentrations, and that 0.5%

o> 120 concentrations delayed the senescence process in
o Py light conditions [14]. This suggests that, O
,f’ i S8 content of 21% of the atmosphere is a true
Al . hyperoxia condition for leaves in the light, and
' 100- that leaf growth might be a senescence factor that
- | £ supports MDA formation and alteration of
2 Ji 90129 ~| 5 membrane permeability.
g =~ ~ / 7 g solzr 2 2 The effect of oxygen pressure was also confirmed
2nE |- ¢ A N\ g in flowers, in which senescence is accelerated
2 E”@ “E:b // Yy 70j2s §1 2 with increased 'partlal oxygen pressure [15].
252 |3 -/ A =1 z—; Flowers met their oxygen requirements at 5-10%
= 5?3 ( VAR - = O, concentrations, showing that 21% of the
;f i1|<‘5 - o 1: » E - § atmosphere is a hype;roxic concentration, in this
& g {8 o _a—24 é "5 < case for a heterotrophic tissue.
" |, 10 2 Ofa The analysis of energy metabolism confirms that
B senescence accelerated by higher oxygen pressure
. E " is accompanied by degradation of ATP levels,
g : both in flowers and leaves [15, 18].
[ 1= : . . e T If leaf growth accelerates oxidations, then the
“ 9 i ag W former is a senescence (internal) factor inherent

Length of leaf lamina (cm) to the organism, possibly resulting from

Figure 7. Changes in senescencelaging parameterflulticellularity and differentiation. The study of
(conductivity, MDA, DNA, area, chlorophyll, and-  factors modifying leaf growth, like osmotic
amino nitrogen) during leaf lamina growth Tniticum  potential, temperature and kinetin, showed that
aestivum. The only parameter that increases, includingMDA production based on DNA content was
the senile pha;e (165), is.MDWhich is an indicator of higher with greater growth (Trippiet al.,
membrane lipid peroxidation. unpublished data). Deteimation of peroxides

using titanium reagent showed that peroxide
In vitro aging of oat leaf segments under partialcontent of Phaseolus vulgaris leaves increased
oxygen pressure (pranging between 0.5 and with leaf age (Del Longo & Trippi, unpublished
99%, showed that senescence occurred mordata).
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The anatomical analysis suggests that during leakach the lower stratum, through higher and distal
primordial growth the free intercellular spaceleaves that function as a filter absorbing red wave
increases. Differentiation of internal structures,length [21, 22]. The qualitative change of light
formation of stomata and development of thecomposition depends on canopy density, which is
photosynthetic apparatus produce an increase dafiherent to the organisand its genetic potential.
partial oxygen pressure in tissues, which is

inferred simply by the diffusion of gas into the 4. The source-sink relationship isa senescence-
atmosphere. Only more recently was it determinednducing factor

that growth is directly associated with the
presence of superoxide radical in the elongatio
zone of maize seedlings [17]. Likewise, theAS from zygote and as cell division generates cell
importance of NOX proteins in different lineages ending in organ formation, modifications
processes and several organisms was defined. C@ﬁ the internal environment take place that involve
wall |oosening’ deve|0pment of reproductive the source-sink relationship (S-S) A sink is a site
structures in fungi and differentiation of cotton With high metabolic activity that supposedly
fiber show the need for ROS participation [18].  moves nutrients and otherganic substances from
Coether sites with lower metabolic activity, or sink.

rc;;\. During vegetative growth

The effects of oxygen pressure on senescen
onset suggest that changes in cell-oxygerB-S relationship is easier to analyze in plants, in
relationship may be an alative stress condition. which a cauline apex gerages leaves along the
Likewise, the effects are different for autotrophicshoot. Under the influence of gravity, the cauline
tissues, which work better at about 0.5% of O apex grows in an orthotropic fashion; thus, the
than for heterotrophic organs, which work verysuccessive generation of leaves forms an age
well at 5-10% of Qin the atmosphere. For both gradient. The apex and developing leaves are
types of tissues, oxygen content in the atmosphereeterotrophic or parasites, at least part of their life,

is a toxic hyperoxic condition for the cell. of the lower leaves. Therefore, there is a continuous
redistribution of solutes between leaves that have

3. Growth and plant ar chitecture change the completed their growth (source) and the apex

relationship between light quality and plant region (sink) that is actively growing.

parts Although no exhaustive studies have been

The structure of organisms is the result of cells'‘conducted on the incidence of a sink on
genetic determinism andf the environment in senescence of a source, several facts suggest that
which they develop. source senescence is determined, at least in part,

incident light. It has beeimdicated and repeatedly Synthesis capacity is ruled by the organism. When
confirmed that leaf senescence is induced by faft tobacco leaf is detached from the influence of
red (FR) radiations (730 nm) and, in contrast, ighe plant, it can increase as much as 10 times its

precluded by red (R) radiations (660 nm) [19, 20].Weight, 100 times its nicotine content, with a
considerable increase in longevity [23]. Other

facts, like compensatory @wth of remnant leaves
E’n defoliated plants, also suggest that plant’s

: L internal balance limits leaf growth. Both examples
organs that form earlier always remain in theshow the possible influence of S-S relationship in
lower part of shoots (which produces the P P

irreversible changes determining the notion oijeaf growth detention.

time, age and senescence). The way in whicheaf shape evolution and reproductive growth are
distal parts of branches with their leaves willdelayed by the suppression of sinks, as it was
induce senescence in more basal leaves is inferretémonstrated by cutting vegetative apexes and
on the basis of the fact that mostly FR radiationsleaves [24, 25]; increased longevity has also been
which trigger senescence in lower leaves, willobserved [26].

Cell-genome interaction with the environment
may produce different forms: light and gravity
determine a growth model; organs or parts o
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An important contribution has been made with themove from the older parts towards reproductive
application of cytokinine (6-furfuril-aminopurine) structures: flowers, fruits, and seeds.

in leaves ofXhantium, which demonstrated that piower and fruit removal delay senescence in the
the hormone has the capacity to delay senescenggferent species studied [39, 40, 41 29, 42 34,
and stimulate protein synthesis [27], to generat@3]. Development of plants with determinate
sinks in the application zone [23, 28], and togrowth supposes that stem cell or zygote loses at
induce senescence in zones adjacent to the arg@st part of its potential as a result of
treated with the hormone [23]. These results werglifferentiation. Therefore, those sinks which, due
confirmed by Leolpold and Kawase (1961) [29] into their size and number produce mobilization of
Phaseolus vulgaris, showing that the application diffusible metabolites, may produce rapid
of Bencil-Adenine (BA) regulated growth of senescence phenomena in particular species.
surrounding leaves and produced senescence @ne of the most remarkable cases of the source-
leaves adjacent to the tredtones, since the zones gjnk effect is probably flower pollination. In the
treated with the hormone acted as sink. long-living flowers of Phalaenopsis amabilis,

The mobilizing effect of nutrients by cytokinines pollination accelerates senescence of petals
has been repeatedly documented [30 31, 32, 3%source) by inducing ovargrowth (sink). Petals
among others]. Although other experimentsexhibit a reduction in dehydrogenase enzymes and
yielded negative results, possibly due to@n increase in the number and activity of
differences in experimental design, there isiSoperoxidases [44] showing the onset of
consensus on the capacity of cytokinine tooXidative processes (Fig. 8).

promote a high metabolic activity, with organic Source-sink relationship therefore appears as an
substance synthesis and fixation capacity. important element of the factors which, in

Antisenescence and rejuvenating action of kinetif@SSociation with differaation and organogenesis,
has been described associated with the activatid®Y _produce senescence rotly in Ieave; but
of protein synthesis, nucleic acids, decrease iff>0 " the entire organism. The fact that_l_solated
proteases and nucleases [34], decrease &ells and organs under favourable conditions as

: o well as vegetative propagation by cuttings
lipoxygenase [35] among otfee reorganization of . ) i
sEbcﬁglJlular fraEctic]Jns [36% includir?g membranes < ca>¢ longevity with respt to the mother plant

[37], has also been mentioned. supports this idea.

The influence of actively growing centers on the5, Morphogenesis and senescence can be modified
evolution of the sigmoid function of organisms by internal conditions

and senescence seems reasonable because it
includes participation of an aqueous medium and- =49
of organic solutes and minerals, which are basiSugars are ordinary components of the plant’s
requirements for the continuation of growth andinternal environment and their functions are not
cell functioning in different organs. It has beenrestricted to primary metabolism. Besides providing
recently demonstrated that fruits bfipinus can  carbon skeletons irdifferent biosynthetic paths,
synthesize cytokinines and also receivesugars participate in phipdogical actions related
cytokinines coming from movement in conducting t0 differentiation of reproductive structures and
tissues [38] senescence.

During germination, plants use the energy
_ obtained from organic molecules; at this
When reproductive structures of plants areneterotrophic stage sugars are essential for the
formed, changes in source-sink occur. Naturegypply of chemical energy to cells. At autotrophic
location, number, and size of plants will stages, sugars generally appear associated with
determine competition for water and nutrients,ontogenic morphogenesis. An important number
particularly at the expense of the parts that havef works [45, 46, 47, 48] have demonstrated that
stopped growing. Water and nutrients will mostly sucrose concentration is a determining factor in

S

b. During reproductive growth
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Figure 8. Effects of pollination ofPhalaenopsis amabilis on senescence of petals
(top), on changes in dehydrogenase composition (from top to bottom), Glucose-6-
PDH, Malate-DH, Glutamate-DH, and Bgidases at pollination and 5 days after
pollination (adapted from 44). Photos (batfo pollinated control (left) and ovary
treated with cycloheximide.

the step from vegetative to reproductive growth. f —Roots and Stems
The results obtained inAnagallis arvensis  *, B A= ”‘—‘
cultivated at 0, 3, 6, and 9% sucrose concentrations? ‘/ '
show that a shortening of the internodes and ay 2%/ Flowes |
reduction in leaf area occurs with the increase of.g E ao) -—

sugar concentration under light conditions below % | / \
the compensation point. Flower formation was %m’ .
promoted at 6% of sucrose, ending with fruit. .z 'P 2 ; F:uiy
formation at 9%, a concentration at which leaf! =20 [ e—"
senescence signs were also observed [49] (Fig. 9).” " :"’/--/

The low light intensity that inhibited plant growth 3 6 0 :tr’Sm:msae 9

was, however, essential for growth and ontogenic %Sucrose

morphogenesis generated by sucrose. . . :
phog g y Figure 9. Effects of sucrose concentration on different

The capacity of sugate determine organogenesis morphogenic traits, such as internode elongation,
in plants offers great possibilities for the study offormation of roots, shoots, flowers and fruits in
ROS participation in differentiation. Anagallis arvensis [49].
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Regulation of leaf senescence by sugars showStudies involving mutants ofrabidopsis show
that sugar effects are different under differenthat an AHK 3 receptor is required for the
light conditions, with heterotrophic behaviour in senecence-delaying effect of cytokinin to occur,
the dark and autotrophic behaviour in the light.and that phosphorylation of regulator 2 (ARR 2)
Several authors [50, 51] indicated that sugars delagerformed by AHK3 is essential in the control of
senescence evolution idark. The accelerating leaf longevity [62]. Other authors have shown that
effect of senescence in the light has beeractivity of extracellular invertase is necessary for
mentioned by Mooret al. (1972) [52], as well as the cytokinin-mediated retding effect and that its
its inhibitory effects on root formation. The latter inhibition also inhibits the cytokinin effect [63].

effect may be reverted by applying IAA [53]. Other hormones, such as ethylene, ABA, MJ, and
Later it was found that sucrose is more efficientSA, are effective senescence inducers in leaves.
than fructose and glucose both in delayingDuring leaf senescence, increases in ABA, MJ
senescence in the dark and in accelerating it in thend SA have been observed and their exogenous
light. The action of sugars in the alteration ofapplication induces SAG gene expression [64, 65,
membrane permeability through the formation of61]. Noticeably, hydrogen peroxide mediates in
hydroperoxides measured as MDA was alsdhe signalling pathways of these hormones and is
confirmed; these phenomena are closely related toecessary in ABA-inducedenescence [66]. It is
activation of lipooxigenase enzyme and loss ofalso notable that a comparative study of gene
catalase activity [54]. More recently, sugars wereexpressions produced by environmental stress and
found to modulate and in some way coordinateby “senescence” demonstrates the presence of
the effects of external factors, like light intensity. numerous common traits, since of 43 transcription
High sugar concentrations in tissues produce #actors that are induced during senescence, 28 are
decrease in photosynthesis and senescence [5%]so induced by stress factors [61].

Sugar signalling at different development stages _—
has been recently evaluated by Rollagtdal. Senescence depends on oxidative processes

(2006) [56], and participation in different aspects,All the facts mentioned so far-height growth,
including senescence, has been widelysource-sink relationships or facts occurring in the
documented. internal environment by changes in sugars and
hormones-suggest that senescence results from
stress conditions produced by growth itself. In all
Hormones are essential elements of the plantgases, whichever thersss condition (drought,
internal environment. Their participation in oxygen, temperature, heavy metal), it translates
organogenic processes of development has beémo an oxidative stress [67, 68], which has also
widely documented [57], as well as in the controlbeen observed by other authors and confirmed in
of senescence processes in organs and evaill types of biotic and abiotic stress factors [69].
organisms [58]. Among the components of the
internal environment, cytokinin and ethylne makethe formation of active oxygen species [70].

up th? group of hormo'nes that has received mOI'Eiological activity and chemistry of formation
attention in the analysis of SENESCence pProcessqy, e peen widely documented in different
Studies on senescence r_daanon by Incorporating g pcelylar fractions [71, 72, 73,74] as well as cell
genes of t.he blosynthenc_ pathway of CytOkInInScontrol mechanisms that enter into action [75, 76,
(Isopentenil transferasejipt) and SAG 12 77, 78]

(senescence associated genes, SAG) showeg’ B . _ o

extended longevity of transformants [58, 59, 60].ROS participation in cell differentiation and
However, molecular mechanisms involved in thedevelopment has been extensively investigated
senescence-delaying effects are still unknowraind t_helr participation in senescence processes is
[61]. The effects that produce senescence in orgarfactically confirmed.

adjacent to the area of cytokinin application haveA genetic control does not seem necessary for
not been evaluated yet. senescence and death; instead, genome expression

b. Hormones

Paramagnetic properties of oxygen are the basis of
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in such circumstances should be considered aNotably, HO, is relatively stable; this property
attempt to adapt to the stress conditions the cell imust be an essential aspect in the transport of
subjected to and as a residual cell function. oxidative effects to relatively distant sites.
The phenomenon of life miht be a reaction, Therefore, ROS, as determinants of senescence,

whose aim is that of producing more living matterwould be versatile enough to act diredtiysitu,
and in which genetic detainism is only involved ~ Or through transport to distant sites.

In species perpetuation. Stress functions and theinternal environment

ROS and their effects - oxidant actions increase ROS during development and lead to

ROS have different properties. The superoxideself'moIuced sehescence

anion, the hydroxyl radical and singlet oxygen areStress functions, like increase in mass and
all of localized action; their short average life sparvolume, height, photosynthetic differentiation,

does not allow their mobilization even inside thesource-sink relationship, etc., as well as variations
same cell where they form and react immediatelyn the internal environment due to changes in
after formation. As their formation occurs in the sugar and hormone contents, such as ABA, MJ,
membranes, these are usually the most vulnerabkethylene, are directly related to ROS production
targets. Damage might be repaired while the celihat gradually increases with development, as
conserves a good functioning state (Fig. 10). organs and organismsaeh maximum dimensions

Lipid oxidation in membranes is a very sensitiveand growth detention.

process that may generate other chemical speciegihen increasing ROS production  during
such as hydroperoxides, aldhehides, etc., ofievelopment exceeds a critical level, it produces
greater stability and degrading capacity. oxidative damages. Indeed, when ROS exceed
The capacity of the superoxide anion to formhomeostatic function, theydd to simple and direct
hydrogen peroxide directly and/or via ROSdegradation of membranes and other molecules
participation allows thecell to activate other that finally translates into total oxidation of cell
antioxidant resources-the enzyme resources-witbompounds (Fig. 11). While stress inces

the key participation of —SH groups and of the GRwithout affecting division capacity, the organisms
enzyme, as well as that of APX that degradegontinue growing until the internal environment
hydrogen peroxide with the intervention of prevents cell function angrowth stops. This point
ascorbic acid in chloropbts and cytosol, whereas assumes a ROS level that leads cells to the loss of
its activity is carried out by catalases infynctions, senescence and death. Stress functions
peroxisomes [79]. would then produce self-induced senescence.

If we assume that growth, differentiation and
organogenesis are different developmental stages,
and considering ROS patrticipation in caulinar
growth [17], cell wall loosening, development of

INTERNAL
OR
EXTERNAL
STRESS
FACTOR

OXIDANT
GENERATION reproductive structures fangi, fiber differentiation

in cotton [18], it seems reasonable to believe that
, 1 \ differentiation occurs at an oxidative level, in

which homeostatic capa@s permit cell adaptation

to a new situation, even maintaining their division

ANTIOXIDANT OAMAGE P REPARATION capacity. Therefore, oxidations seem to underlie
any adaptation event and the oxidative degree

1 l 1 could determine differentiation at first, and
‘ ‘ senescence at a higher oxidative level, beyond

ADAPTATION OR SENESCENCE adaptation. If oxidative damage is even greater, it
would lead to necrosis, a damage that rapidly
Figure 10. Factors regulating ROS levels in the cells oftranslates into death without the possibility of

an organism, leading to adaptation or senescence. homeostasis mechanisms to occur (Fig. 12).
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“* SUGARS
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Figure 11. Interaction of genetic detemism and the environment during
senescence development. Several sti@sstions and the internal environment
determines increasing stress conditiorsd giroduce self-induced senescence.

OXIDATIVE LEVEL
DUE TO LACK OR EXCESS OF REACTANTS

—_—

SENESCENCE NECROSIS
RESIDUAL ACTIVITY
PCD

HOMEOSTASIS
ADAPTATION
DIFFERENTIATION

Figure 12. Scheme showing deprivation or excess ofFigure 13. A: Tomato plant (control) and B: plant with
reactants (as oxidative level) on the life reactionregular leaf cutting; notice the delayed heterophilic
During the homeostasis ped the cell can adapt its evolution C: Anagallis arvensis in short photoperiod
function and differatiation takes place. Later on the (9h) and D: in long photoperiod (16h), showing
cell will show PCD or residuiaactivity or senescence. senescence symptoms at 120 days.

Necrosis occurs under extreme conditions leading to a

fast death due to denaturing effects on the living matter. . ) ) .
external environment factors, such as light intensity

(low) and photoperiod (not inducing flowering)
Why do factors preventing development also  also delays sexual reproduction and senescence of
delay senescence? an organism [80, 81, 82, 83] (Fig. 13).

Any growth-delaying action, either on the plant,In plants with a strong tendency to evolve towards
like flower and fruit removal, or by managing reproductive growth ah senescence, it seems
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reasonable to believe that reproductive growtHraits in a changing medium, will lead us to
results in a self-induced process, because growtdrroneous conclusions and to confusion of cause and
itself (due to stress functions) results in a progressiveffect. The possible increased production of free
stress factor. Hence, the different internal (diverseadicals with age should beterpreted as a gradual
cuttings) and external (low light intensity and alteration of the internal medium where cells live
non-nducing photoperiod) actions prevent oxidativesimply due to a change in the organism size, in
processes; this, in turn, leads to detention ofelationships betaen organs and nutrient exchange.

growth, reproduction and senescence. ACC(.erirIQIySelf—induced senescenceggests that senescence
the development of an organism’s architecture

becomes a necessary condition to senesce becaand death are gradual processes and are very often
ry ’ YRE consequence of limitations occurring in an

full development must show the greatest Strestcﬁrgan or part of the organism. It also allows us to

condition to which an organism is subjected. accept and understand that at certain stages the
In plants sensitive to environment action, such agell may be totipotent and capable of regenerating
Anagallis arvensis and others [80], senescencethe entire organism. The cell stages allowing for
may be originated also in the external medium byransmission of development traits, known as
the persistence of light and/or water stresgopophysis [39], infectivityof the senescent stage

conditions, whose duration and/or intensity turnjn podospora anserina [84, 85, 86] in yeasts, [87]
them into stress factors. it difficult to elucidate anqg rotifers [88] certainly mean that genome-

the causes, since both internal and external factogshyvironment interaction finds a more stable

induce oxidative stress and senescence Witfhtermediary in the cytoplasm that keeps
characteristic progressiveness. functional-morphological ~ traits capable  of
Oxidative stress levels that maintain cell divisionreplicating while cells maintain their multiplication
capacity are related to homeostasis, adaptatiotapacity. Finally it is well known at present days,
and differentiation; wherasalevels that determine that genome re-programming needs a cytoplasm
the loss of cell division capacity are related toquality inducing demethylation and other changes
senescence. in the nucleus [89, 90].

Pluricellular ~ organism  development and
CONCLUDING REMARKS senescence could be better understood from cell
A rational theory that explains senescence shouldnalysis. Genome allows cell adaptation to
consider the two principal actors involved in thisenvironmental conditions where growth and
phenomenon: the cell, because it codes all celfifferentiation takes place. Under stressful
potentials, and the environment where the cell igondition, cell will start developing adaptative
located, because it modulates its expression angtocess using its capacity and it will die when this
functioning and/or allows its existence or not. homeostatic capacity is overhelmed.

If we agree with this principle, then it is clear thatThe self-induced senescence is also consistent
multicellular organization and its cell growth and with the Prigogine physical point of view [91].
differentiation components place the cell in aThe “life as a reaction in only one way”, is not
medium that is less suitable for cell division andexplicated by Prigogine, but as an irreversible
indeterminate growth to continue. Only in thisthreat, should explain senescence by stress
way can growth sigmoid function be understoodfunctions because the reaction depends only on
in organisms of determinate growth. Consideringreactant levels and the energy flow in the system.
that life consists in oxidation and reduction

phenomena, the prevalence of reductions MusACKNOWLEDGEMENTS
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