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ABSTRACT

The effect of water stress induced by polyethyigyeol (PEG 10000) on callus growth, callus watentent, callus
necrosis and regeneration was investigated on fautivars of durum wheat considered to have gooditro
culture ability. 3-week old calluses, initiated oNS medium supplemented with 2 mg lof 24-
dichlorophenoxyacetic acid (2,4-D), were subcultlon media containing different concentrations &a°(0, 10,
15, 20 and 25 %). After 4 weeks of culture, calug®wth and water content were determined. Thelteshowed
that increasing PEG concentration in the mediumsesua gradual decrease in growth and water contént
calluses. The results obtained for regeneratioteratransferring stressed calluses to regeneratioadia without
PEG, also showed that increasing osmotic pressarghe medium significantly reduces the percentafje o
regeneration and the number of plantlets per regatireg callus (NPRC). High concentrations of PEGusad
callus necrosis as well. However in some cases hgerged the development of a whitish, drought amigrand
embryogenic secondary callus upon the necrotiausalthich regenerated after transfer to regeneratizedium.
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INTRODUCTION

Improved yields of wheat depend on many factorspramwhich one of the most important is tolerance to
environmental stress, particularly to water strésgeed, in durum wheaf (iticum durumDesf.), drought is a major
non-biotic stress that causes severe yield losghénMediterranean region, this loss ranges fromtal@0%
depending on the year [35].

Using classic breeding techniques in traditionaeling programs for tolerance to environmentalsstreas
responsible for creating the majority of commerwglieties, but their applications are sometimestéd [37].

The insertion ofn vitro tissue culture techniques in a breeding prograder@tonsiderable opportunities for genetic
improvement of plants by saving space and timeiredy conventional methods [36]. The genetic gesncalled
somaclonal variation [25] during the callogenedigge of plant cells cultureéd vitro are now considered a new
source of changes intended to enrich the genetauree for the improvement of plant species [10].

These variations can be exploited by looking inrdgenerated plants the one that might have irttegegaits [9].
However, methods more directed ito vitro selection can exploit these variations by exersetgctive targeted
pressures [38]. In the case of programs involvingtew stress tolerance improvement ibpyvitro selection,
Polyethylene glycol (PEG), sucrose, mannitol orbiol are the best known selective agents thatesme the
osmotic pressure in culture media [38]. Howeveg, lilgh-molecular-weight PEG is the most selectiyer used to
induce water stress in the culture media [19]. Pi#kich is a water-soluble polymer, nontoxic, nontaelized
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and non-absorbed by the cells, is available indewange of molecular weights (e.g., PEG-4000, BE®, PEG-
6000, PEG-8000 and PEG-10000) [26]. It simulatesvthter deficit ofn vitro tissue cultures in a manner similar to
that observedh vivoin cells of intact plants subjected to drought dbods [2, 21]. This selective agent was used to
select drought tolerant genotypes in sorghum [@ijuch [23] and soft [8] wheat.

However, before anin vitro breeding program, it is imperative to study andsider the selection criteria such as
appearance of calluses, growth rate, regeneragipacity and survival of calluses subjected to ognsttess [43].
The aim of the present work is to study the efigfctlifferent concentrations of PEG in the culturedium on
growth and regeneration in four genotypes of dumdmeat having a high potential of vitro morphogenesis. The
results obtained will allow us to determine theimpim concentrations of PEG to isolate tolerant ibelages and,
in turn, to develop selective media and selecti@thwds to be applied as part of a prograrmafitro selection we
have undertaken.

MATERIALS AND METHODES

Plant material and explant preparation.

Four durum wheafT{riticum durumDesf.) cultivars Karim, Sebou, Ourigh and Anouarevused as the material for
this study. The seeds were provided by INRA (Natldnstitute for Agricultural Research, Moroccohelexplant
source consisted of immature embryos collected fsemds in the milky phase, approximately 14-18 dsfter
anthesis. The caryopses were surface sterilized foin in 90% ethanol and rinsed three times inilstelistilled
water. Caryopses were disinfected again with 30%rercial bleach for 20 min followed by three rinseith
sterile water.

Preparation of media and cultivation

The nutrient medium of Murashige and Skoog [34] waed as the basic medium and was modified for the
callogenesis (MC), for regeneration (MR1) and footng (MR2) (Table 1). Prepared media were skaili by
autoclaving during 20 min at 120 °C.

Immature embryos were excised aseptically fromaasgs, and placed with the embryo axis in contétt avsolid
agar medium for callogenesis containing inducticediom MCi (Table 1). The cultures were then incaldah the
dark in a growth chamber maintained at 25+2°C.

After 3 weeks of callogenesis on solid medium Meilli were subcultured on liquid media (Table 1pt@ining

different concentrations of PEG (0, 10, 15, 20 a6d%6). In order to remedy the problem of solidifioa caused by
high doses of high molecular weight PEG (PEG 100@@) used the polyester batting as carrier (datashown).

Authors had proposed to use either filter papatdas [31] or cotton carriers [22].

After 4 weeks of culture on growth medium containdifferent PEG concentrations, calli were thencsiltiired on
MR1 regeneration medium and placed in a growth dgamander a photoperiod of 16 hours of light/24rsou

After five weeks of culture on regeneration mediMR1, calli with shoots were then transferred to theting
medium MR2. Both media MR1 and MR2 were solidifigith agar at 7 g T

Tablel. Media composition for callogenesis (MC) antegeneration (MR)

Medium Callogenesis media MC Regeneration media MR
Components MCi MCO MC10 MC15 MC20 MC25 Caulogenesis Rhizogenesis

medium MR1 medium

MR2

Macroelements MS MS MS MS MS MS MS/2 MS/2
2,4-D (mg 2 2 2 2 2 2 0.2 -
PEG (%) - 0 10 15 20 25 -
BAP (uM) - - - - 10
ANA (uM) - - - 5 -
Agar (g I") 7 - 7 7

2,4-D = 2,4-Dichlorophenoxyacetic Acid. PEG= polygene glycol. BAP =
naphthalene- acetic acid.

Parameters evaluation

benzylaminopurine. NAA =

The studied parameters were calculated for eacbtges, using the following formulae:
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* Callus relative growth (CRG): 2 grams of 3 wedd#t calli initiated on MCi medium were transferreml media
containing various concentrations of PEG. Aftereeis of culture, the CRG is calculated by the feilgy formula
CRG = [(FFW (final fresh weight)-IFF (initial freskeight)] / IFF [6].

» Calli water content: CWC (%) = 100 x (CFW (Calkesh Weight) — CDW (Callus Dry Weight)) / CFW. @D
was determined after a 48-h stay in the oven aE8CGFW was determined just before drying.

* Percentage of regeneration = (number of regeseiclli / total number of calli) x 100.

* Percentage of callus necrosis = (number of niccatli / total number of calli) x 100.

» The number of plantlets per regenerating calNBRC) was estimated by counting regenerated ptarsdfeer five
weeks of culture on MR2. Counting was done durlrggttansfer of plantlets to soil for acclimatizatio

Statistical Analysis

Statistical analysis of data was carried out usirgR statistical environment [39]. Data were apedl/using the
analysis of variance technique. The comparison eama was sometimes done by LSD test and sometignes b
Duncan’s Multiple Range test, at 0.05 level.

RESULTS

After 3 weeks of growth on agar-solidified mediunder non-stress conditions, the calli were subecedtwn liquid
medium with polyester batting as carrier (Figurg 1a

Observation of callus during the stress periodvalb us to visually distinguish a first differencesize, color and
texture of the calli. Calluses from unstressed medire large, nodular and white to pale yellowfa#sas the PEG
concentration increased, the calluses lost theinpaxtness and evolved into a mucilaginous textilmeiy size
decreased and they became darker with strong bngvand necroses. In some cases there has beeelapiegnt
of a compact whitish embryogenic cell mass thatl latter proliferation to the formation of a secomndaallus
(Figure 1b).

Effect of PEG concentration

Table 2 presents the results concerning the ewoluwf callus fresh weight (CFW), callus relativegth (CRG)

and callus water content (CWC) after undergoindediint PEG concentrations. The results concernifyVC
showed that increasing PEG in the medium signifigabrings down the weight of calluses and thereftie

relative growth. The highest weight (10.86 g) wasorded in calluses grown on MCO without PEG; dredlbwest
(2.23 g) on MC25. In parallel, the highest CRG 8 .Mas noted in calluses grown on control mediumOM@h no

PEG and decreased gradually to 0.11 in medium MC25.

Likewise, CWC decreased significantly with incre@siPEG concentration in the medium. The highestemat
content (88.75%) was recorded in the calluses friEG-free media. The lowest water contents wererebdan

the calluses from media containing the highest Ri6Gcentrations 20% (MC20) and 25% (MC25). These two
contents were respectively 77.76% and 76.57% amd m@ significantly different.

Table 2. Effects of PEG concentrations on callus ésh weight, Callus relative growth and water contetrof callus in four durum wheat

varieties
Culture medium CFW (q) CRG CWC (%)
MCO 10.86 +0.47 a 443+ 0.23a 88.75+ 0.53 a
MC10 7.12+0.14b 256+ 0.07b 86.46 £ 0.71b
MC15 440+ 0l4c 120+ 0.07c 81.57+ 0.80¢c
MC20 3.21+0.15d 0.60+ 0.07d 77.76 £ 0.37d
MC25 2.23+0.03 e 011+ 0.01e 76.57+ 0.55d

Means followed by the same letter, within the samlamn, are not statistically different accordinghe LSD test (P<0.05).
CFW: callus fresh weight. CRG: Callus relativewtte. CWC: callus water content.

CFW : LSD = 0.4047761
CRG : LSD = 0.202388
WCC : LSD = 1.223868

During the regeneration phase, shoot formation hedi@r 4-6 days of culture on regeneration medliR1L. Types

of calli obtained on different media respondedeatihtly to culture conditions of the regeneratidvage. Calluses
from unstressed media regenerated normally andtkeptwhite color (Figure 1c). The calluses that lost their
morphogenesis power because of high PEG conceamtsateventually became even more necrotic in the
regeneration medium MR1. In many cases there wageneration from the secondary non-necrotic calldch
developed more on the regeneration medium (FigdyeNon-necrotic secondary calli regenerated, simnast only
roots (Figure 1 e) with chlorophyll, and very rgralbino seedlings (Figure 1 f).
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Table 3 shows the percentage of necrosis and regg@mreon medium MR1 for calluses from different®media.
The higher the growth medium PEG concentration,sigeificantly higher the necrosis rate. The higheecrotic
calluses percentage was observed in calluses fredium MC25 containing 25% PEG. Calli from the cohtr
medium without PEG MCO showed no necrosis.

Regeneration results showed that calli morphogeajacity significantly decreased with increasinmotic stress

in the culture media. Indeed the observed high geage of necrotic calluses explains this decréase
morphogenesis. Calluses from medium MCO, which slibwo necrosis or browning, had a high regeneration
capacity (88.73%). The lowest rate (11.41%) waseokesl in calluses from the medium containing thghést
concentration of PEG.

Table 3. Effect of different concentrations of PEGn necrosis, percentage of regeneration and NPRC faur durum wheat varieties

Culture medium Necrosis (%) Regeneration (%) NPRC

MCO - 88.73+ 142 a 19.08 + 0.63a
MC10 8.00£1.34 d 63.66+ 1.77b 10.66 * W76
MC15 27.08+247¢c 42.08+ 5.01c 558 + 051c
MC20 48.66 +1.17b 26.91+ 2.39d 3.58 + 0.33d
MC25 64.50+2.30 a 1141+ 098 e 2.83 + 0.20d

Means followed by the same letter, within the samlamn, are not statistically different accordinghe LSD test (P<0.05).
NPRC = Number of plantlets per regenerating callus.

% necrosis : LSD = 3.12378
% de regeneration : LSD = 3.469807
NRPC: LSD =1.112102
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Figure 1. Callus growth and regeneration from immatire embryos on media containing different PEG conagrations.

(a) (al) Callus grown on medium solidified with ag@a2) Callus grown on liquid medium with polyesbatting as
carrier. (b) Nodular whitish secondary callus upecrotic callus. (c) Regeneration of plants fromsttessed callus
on MR1 medium. (d) Regeneration on MR1 from thero&c callus whitish area. (e) Root regenerationMiR1
from the necrotic callus whitish area. (f) Regetieraof albino plantlets from well-developed whitisecondary
callus on MR1. (g) Regeneration and development angdlantlets from unstressed calli on MR2 mediyi).
Development of seedlings on MR2 medium from necrcdillus whitish area.

Calli that regenerated shoots were transferred édimm MR2 without hormone to allow root developmant
growth of regenerated plantlets. After 5 weeksufure on MR2, and just before the transfer of s to soil, the
average number of plantlets per regenerating c8NERC) was determined by seedlings counting. Reshlowed
that NPRC was also affected by the concentratidPE® in the culture medium (Table 3). The bestdy{@P.08) of
regenerated plantlets was obtained in callus fr&@fee medium MCO (Figure 1 g).

High concentrations of PEG in the culture mediugngicantly reduced the NPRC. Indeed only the nenratic
part of the callus, which was sometimes reducetiz®, was able to regenerate plants (Figure 1 BRGldecreased
significantly, down to 2.83 in the calluses fromdinen MC25.

Genotype effect

Table 4 summarizes the results obtained in fouetias on the different studied media. Significdifferences were
observed among genotypes for all parameters camsid€alli of the Sebou variety showed a superi@mwth
compared to other varieties with a callus freshghedf 6.14 and a callus relative growth of 2.0allGes of this
same variety also showed water contents (84.918hehithan those of other varieties.

Necrosis induced by high concentrations of PEG alss affected by genotype. Callus of the varietyitdebecame
necrotic more easily than those of other varietidth increasing PEG concentrations in the mediunthvé
percentage of 34.33%. The Anouar variety showedhtghest (53.26%) percentage of regeneration. dhaegt
percentage (36.79%) was recorded in the Seboutyafibe latter also showed the lowest NPRC equalis@ on
average. The highest NPRC was recorded in the Kaainaty with an average of 9 regenerated plantlets

Table 4. Effect of genotype on growth, water conténnecrosis and regeneration ability of calluses othe various media

variety Characters
CFW (g) CRG CWC (%) Necrosis (%) Regeneration NPRC
(%)
Anouar 549+0.86b 1.74 +0.43b 81.00+1.20 ¢ 4@66.38b 53.26+7.58a 8.2+1.75 ab
Karim 5.30+0.77b 1.65+0.38b 82.24+1.50 b 34318a 49.06+7.10b 9+1.99 a
Sebou 6.14 +0.69a 2.07 £0.34a 84.91 +1.48a +8148a 36.79+7.54c 7.53+1.40b
Ourgh 5.33+1.04b 1.66 +0.52b 81.46+1.13bc 26.26b 47.13£7.74b 8.6x1.45a

Means followed by the same letter, within the samlamn, are not significantly different accordimgthe LSD test (P<0.05).
CFW: callus Fresh weight. CRG: callus relative glavCWC: callus Water content NPRC = Number of s per regenerating callus

CFW: LSD = 0.3620427 % necrosis: LSD = 2.793994
CRG: LSD =0.1810214 % de regeneration: LSD = 3.10349
WCC: LSD =2.021075 NRPC: LSD = 0.994694
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Effect of variety x PEG interaction
The behaviour of the different cultivars to thefeliéent PEG concentrations was similar (table 5)vetheless,
some significant genotype x medium interactionseweated for different studied parameters (tabladtable 7).

Despite differences, increasing PEG concentratiothé culture medium affected the response of tiasién the
same way by a decrease of callus growth, callugmebntent, percentage of regeneration and NPRE,aan
increase of callus necrosis. The highest level edrosis was obtained on medium with 25% PEG infthue

varieties. No necrotic callus was observed in fearieties on medium without PEG. Also in the fouarieties,
callus growth, callus water content and regenematiere highest on control medium without PEG.

Table 5. Effect of variety x medium interaction oncallus growth, water content, necrosis and regenetian ability

Effect Characteristic

variety | culture medig CFW (g) CRG CWC (%) Necrd8d Regeneration (%) NPRC

Anouar | MCO 109a 445a 87.6a Oe 9.66 a 19.66 a
MC10 7.26b 2.63b 84.36b 5.66d 68 66 b 11.33b
MC15 44c l2c 79.63 ¢ 17.66 c 64 b 4.66 c
MC20 2.63d 0.31d 76.8cd 50.b 31.33¢c 3.33cd
MC25 2.26d 0.13d 76.63d 59 a 11.55d 2.33d

Karim MCO 99a 3.75a 886a Oe 90.3 a 21.33a
MC10 7.2b 26b 87 a 13.33d 61.66 b 13.66 b
MC15 43c 1.15c 83.66b 33.66 ¢ 49.33 ¢ 433c
MC20 2.96d 0.48d 77.6¢c 49.33 b 31d 3¢
MC25 2.16d 0.08d 74.33d 75.33 a 13e 2.66 c

Sebou MCO 13.16 a 558a 91.13a Oe 82.3a 17.33
MC10 7.46b 273b 895a 10d 56.66 b 7.33b
MC15 4.13c 1.06c 84b 34.33 ¢ 21.33¢c 6.33b
MC20 3.66¢C 0.83c 78.66c¢C 49.33 b 14.66d 3.33¢c
MC25 2.3d 0.15d 77.66¢c 64.33 a 9e 3.33¢c

Ourgh MCO 95a 345a 87.66a od 91.66 a 18a
MC10 6.56 b 228b 85a 3d 67.66 b 10.33b
MC15 48c l4c 79b 22.66 ¢ 33.66 ¢ 7c
MC20 36¢C 0.8c 78b 46 b 30.66 ¢ 4.66 cd
MC25 2.2d 0.1d 77.66 b 59.33 a 12d 3d

Within columns, means followed by the same letter @ot significantly different at the 0.05 probdiillevel,
according to the Duncan Multiple Range test.

Table 6. Analysis of variance for callus weight, dative growth and water content for four durum whea varieties

FCW (g) CRG CWC (%)
Source DF Mean Square  F value Mean Square Evalu Mean Square F value
Cultivar (A) 3 2.32 9.635%** 0.58 9.635%** 29 13.485%**
PEG levels (B) 4 145.48 604.492*** 36.37 604.492** 338.4 153.792 ***
AB 12 181 7.513%** 0.45 7.513%** 6.1 2.18
Residuals 40 0.24 0.06 2.2

Significant (***) at 0,1%, (**) at 1%, (*) at 5%
FCW: Fresh callus weight. CRG: callus relative gth.. CWC: callus Water content

Table 7. Analysis of variance for necrosis, perceate of regeneration and NPRC

Necrosis (%) Regeneration (%) NPRC
Source DF Mean Square F value Mean Square Evalu Mean Square F value
Cultivar (A) 3 239 16.665*** 735 41.546** 5.8 .B9O*
PEG levels (B) 4 8792 613.379 ** 11137 629.729** 544.1 299.528*+*
AB 12 53 3.702%* 165 9.313%** 7.9 4.359%+*
Residuals 40 14 18 1.8

Significant (***) at 0,1%, (**) at 1%, (*) at 5%
NPRC = Number of plantlets per regenerating callus

DISCUSSION

Water stress is one of the limiting factors forrplgrowth and crop production. Upon exposure toewdeficit,
plants react by complex mechanisms involving molgdical, physiological, biochemical and moleculactbrs,
both at cellular and whole-plant levels [17, 18]tA¢ cellular level, the effect of water stresstio@ slowdown of
cell divisions and elongation by the loss of tur@pas been widely reported [27, 32].The additiorP&G in the
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medium causes cell dehydration by reducing wateilaility to cells, Which leads to a loss of calfgor and
hence a loss of growth [20].

The study we undertook showed clearly the effed®B6G on callus growth and morphogenésisitro in the four
varieties studied. The results showed that higlcentrations reduce callus relative growth, regdimraability,
water content and morphogenesis capacity. Callososis rate, however, increases with gradual iseréa PEG
concentrations. Our results on the reduction disagrowth under the effect of PEG are in agreemsétt previous
studies in other species such as rice [1, 43] pétlE] and soft wheat [14]. The 25% Concentratippears to be the
dose that inhibits callus growth in the four vagset These results are consistent with those repdny Hsissou and
Bouharmont [23] who also used PEG-10000 in theuceilimedium. These authors showed that after 6 marith
culture, the 25% concentration becomes callus dramtibiting in durum wheat.

In rice, Al-Bahrany [1] studied the effect of difémt concentrations of PEG-8000 on growth of cafiasn mature
embryos. These results showed that water stresséddby increasing concentrations of PEG leadspimgressive
reduction of callus fresh weight. The significaatiuction in fresh weight of callus was observe&Gig L*, but
starting from 200 g T, the concentrations become inhibitory. Howevee, dbncentration of PEG inhibiting growth
depends on the genotype of the species studied 0,

The progressive increase of PEG in the culture umediaused a gradual decrease in callus water ddntére four
varieties. Similar results were reported in riceAlBahrany [1]. Indeed, the difference in watertgrdtial between
callus cells and the culture medium, created byRB6&, causes cellular dehydration [18]. Heyser Nadors [20]
showed that osmotic stress increase, due to th#iaddf PEG in the medium, was accompanied by arsh
decrease in water content of tissues. This watesstinduces also a cell osmotic adjustment byractation of
solutes such as endogenous proline, which contdbud the protection against cellular damage caudsed
dehydration, hence triggering an adaptive respptte

In addition to reduced growth, callus necrosis assidered an indicator of tissue culture intoleeat@ osmotic
stress induced by PEG. Our results showed thaeasang the concentration of PEG in the medium chuase
increase in the callus necrosis percentage indhe Varieties studied. Similar results were algoorged in soft
wheat [12, 29]. Necrosis observed in calli of whaatjected to osmotic stress of PEG-6000 (-1.2 MBEenerally
accompanied by growth stop [29]. Necrosis of calfuis a phenomenon also observed in cultures gabjéa salt
stress at high NaCl concentrations in species asciheat [3, 24] or sugar cane [15]. In the lattee, effect of
NacCl on callus necrosis was reduced by pretreatmightPEG [33].

At thein vivo plant level, stress also causes growth inhibiiad tissue necrosis, followed by a loss of turger,
leaf drop and eventually by the plant death. Suteetal. [41] reported that the application of a severeewatress
on date palm (Phoenix dactylifera) seedlings iljtieauses necrotic lesions that develop in cankéen the death
of buds, and eventually the death of the planttdtbgical studies have shown that tissue necrgsisrectly related
to water stress that begins with necrotic islamdsarenchyma.

As for callus growth, the gradual increase of PBEGhie culture medium caused a decrease of calluphagenic

capacity. Similar results were reported in whe&j [2nd rice [43]. In corn, Matheket al. [30] reported that the
induction of somatic embryogenesis and plant reggios from callus under water stress are inverpedportional

to PEG concentration in the selection media. Thizrelase in the regeneration capacity, resulting Btress due to
PEG, may be explained by the slowdown in all caygiological processes that affect growth, multiation and

therefore morphogenesis.

The proliferation of whitish embryogenic cell clest of necrotic calli on medium containing high el®f PEG
suggests a major cellular adaptation. These secpeddi were subsequently able to regenerate gptemts, roots
or rarely albino plants. Mahmoaat al. [29] showed that 4-week wheat callus culture omlioma containing PEG
6000 (-0.9 MPa) caused degeneration of the nomatafecalluses and proliferation of tolerant calligh were
subsequently able to regenerate plants.

The number of albino plantlets regenerated remawerg low. Indeed, Chlorophyll deficiency or altsm is
common in androgenesis in durum wheat and is a mm@jablem for the application of haplodiploidisatidn
breeding programs of this species [16]. In somaticbryogenesis, conversely, few reports have mesdion
regeneration of albinos [5, 28].

The effect of PEG on growth, water content, nesr@id morphogenesis was substantially similar lirfoair
varieties. However, genotypic differences were olesg with respect to the various above mentionedmaters.
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These differences could be explained by a varighiti tolerance to water stress in the callus, Whiannot be
correlated with similar behavior in vivo at the lscaf the plant. Indeed, Farshadg&tral. [13] reported that there
was no similarity between the in vivo behavior ekdlings in 20 genotypes of wheat grown in thedfiehder

conditions of water stress, and calluses inducaah fmature embryos derived from these same genotypes

Bajji et al. [4] showed that in durum wheat there is a positiverelation between field performance of cultivars
under drought conditions and the responses ofséditosmotic stress, suggesting that resistandeotaght in the
whole plant depends, at least in part, on the exi® of operating mechanisms at the cellular |e¥ajji et al. [4]
added, however, that the behavior of the callutuoes under osmosis-induced drought stress islwatya similar

to that of the whole plant; and the consideratidrthese two levels of organization is necessary &dbetter
understanding of the complexity of mechanisms #éiflatv plants to cope with stress.

CONCLUSION

The results we obtained allow us to conclude thatewstress induced by high concentrations of PBG0Q
significantly lower callus growth, water contentdamorphogenesis and, conversely, raise the pegenté
necrosis. However, calluses under high osmoticspireswere able to adapt to the stress, creatdgeimedium, by
developing non-necrotic secondary calli. Thesei cadntinued to grow in the regeneration medium whil
regenerating seedlings sometimes. The long-terrtureulof these calli, which seem to tolerate higimatic
pressures, will allow us to regenerate plants withaim of selecting lines tolerant to water strassl also to study
the mechanism of cell tolerance to high osmoticguees.
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