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Breeding for drought stress tolérance in durum wheat
using two physiological parameters
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Abstract - Pre/iniinary experinienis iisiny foiir Jiinini wlieal eiilfivors (MoInniieJ Den Bachir,
OiieJ ZeniUi. IVaiui. Ofanio) were carrieJ oui in orJer lo siiiiiy iwo physioloyical poniineiers
involveJ Jiiriny waier liejicii. The relative water content (RW'C) imjproline iieeiininlation uere
useJ as sélection eriteria for Jrouyht tolérance anJ JetermineJ when plants (coleoptyles) are
suhjecteJ ta K) anJ 24 hoiirs water stress. PreUntinary results are yiven in this paper. The
évolution in proline accumulation anJ water loss within each cultivai- are consiJereJ.
Complementary analysis usin^ other morpholoyical parameters shouU he aJJeJ in order to
yive a hetter understandiny to the mechanisms hy which plants resist to water déficit.

du ru m M'heut / drou^bt stress / pliysiolofiical paruuietcrs / R. W.C / proliue content

Résumé - Un essai préliminaire a été réalisé dans le but d'étudier certains paramètres
physioloyicpies liés i) la sécheresse. Quatre variétés de blé dur (Mohamed Ben Bachir, Oued
Zenati. ITaha. Ofanto) ont été utilisées. La teneur relative en eau (TRE) et l'accumulation de
proline ont été déterminées cpiand les plantes (coléoptilcs) sont sujettes c) 10 et 24 heures de
déficit hvilritpié (expérience menée au laboratoire dans des conditions contrôlées). Des
résultats préliminaires ont été obtenus cpiant au comportement de chacune des variétés testées
face II ce strc.ss.

blé dur / stress Itydrii/ue /purainètres pliysu)lo}iiipies / TRE/ teneur en proline

INTRODUCTION

Otie polenlialK inipoitant mechanisni of
drought résistance is osniotic adjustnient,
the accunuilation of solutés in plant tissue
in response to deh\dratation ( l urner and
Jones. IdSO in Johnson et al.. 1984). This

inechanisin results in the maintenance of

turgor pressure to a lower water

potentialthan possible in unadjusted plants

(Johnson et al. 1984). Tissue turgor
pressure lias a considérable intluence on
plant water relations because it controls the

diurnal variations of tissue total potential
and turgor dépending processes such as
foliar e.xpansion. stomatal cipening, plant
transpiration and several enzymatic
reactions (Rascio et al. 1987).

I he plant capabilit\ to keep a positive
or constant turgor when water potential



dccrense is an iinporlant adaptative featiiic
lo watcr stress ( l unier. 1979 in Rascio et

al. 1987). R.W.C is riec|uently proposed as
a  crilerion in sélection for drought

loleranee. It is intlnenced b> osniolie
adjustnient and water absorption and
transpiration.

l'or inan\ authors. tolérant cultivais

manifest a higber R.W.C during osniotie
stress and consider tins paranieter as one of
the best stress indicator (Al Ilakiini et al.

1995). Otber physiological paranieters can
be used lo delerinine the plant water status
like; osniolie potenlial. water poiential. leaf
lensile strength and nienibrane iniegrity.
At biocheniieal level, the increase in tlie

soluté content of cells leading to
inainienance of turgor is an adaptative
I  )onse iiuolved in osmotic adjustnient.

Sugai . organic-aeid and aniino-acid are the
solutés aecumulated during water stress.

Rroliiie is the iiiost coiiinion amino-aeid

thought lo pla\ a cardinal rôle as soluté
osiiioregulaior not oiils in plants but aiso in
eubaeleria. proio/oa. iiiarine iiivertebrates
and algae (Ashloii et al. 1995). fhe

accumulation oftliis soluté seeiiis to be une

ol the mosi immédiate respon.se to water
stress {Aspinall and Paleg. 1981 in
Suiidaresan and Sudhakaran. 1995) . ils
level can increase as much as lOU fold

(Sundaresan and Sudhakaran. 1995).
As resuit of général accumulation during

several stresses siicli as lou température,
iiuti ient dellciency. exposure to lieaw
metals and high acidits tins amino-acid
ma\ be considered tis a part of général
adapt.it it)ii to ad\erse environmental

conditions (liohiiert et al. 1995).

In our experiment. relative water
content (RAV.C) and proline acctiniulation
wcrc used as a pielimiiiary stcp in the
anals sis of the effect of IU and 24 hours

walci sticss in our duruiii wheat cultivais.

I hc cxpcrimcnts were carried ont in the

l.iboratoiv rcsearch of the experiiiiental
station I.S C (Istituto Sperimentale per la
( civ.tlicohura loggia. Ilalv).

MATKRIAL AND METIIODS

Plant niateriul and }irowtli conditions

l'oiir diiruin wheat {Triiicion Jnnnn Des/.)
cultivars were used in these présent
preliininary e.xperiments. fwo Algerian
cultivars. Mohamed I4en Bachir and Oued

Zenati are known to be drought tolérant,
the cultivar Waha called aIso ShamI is

froni ICARDA (Syria) and considered as

high yielding variet> in Algeria (wliere il
is cultivated for many years). The fourtii

cultivar Ofanto is froiii Italv caractcrised

bv a good quality. a high prodiictiv itv and
drought tolérance.

Seediings were growii in pétri dislies on
iiioist lllter ptiper to the Inst leaf stage
(coleopt>le) and then subjecled lo water
stress b) uncovering the dislies letiing the
air desiccate them for lOli and 24li.
uiistressed seediings were kept iiioist as

controls . fhe .samplcs were harvested and

used for relative water content (R W.C)

and proliiie aiialv sis.

li. If .C nu'thod

Stress was applied at coleoptv le stage, fhe
relative water content was determined

accordiiig to Bans and Weatherley ( 1962).
iiiethod usually used in tins hiboratorv.

dit leaves were weighted ( fresli Weiglit.
l'.W). then left in a water saturated for

Miree hours and their turgid vseighls ( f.W.)
were calciilated. Ihe samples were then

dried in an oven at 80 C for 24liours and

weighted (l).W.). The relative water
content (R.W.C) is determined as follovvs;

R.W.C l-AV - D.W ' \ .\\ - D.W \ lt)t)

Proline (inantiflcation nictliod

Dried leaves were ground in liquid
Nitrogeii in a iiiortar then left to lIiv at
80 C for 4hours. At 50nig i)f dried sample
were added lOmI ol Stillos.ilicilic acid

(j^oW V). The mixture was vorlexed for

oiie hotir and shakeil eveiv lOnin. fhe
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saniplc soliilions wciv fillratcd in rmincls
wlili Walhman papcr CiF A. U.5ml ol"

stresscd saniplc and Inil ol" cHiiUroilcd

saniplc wcrc iiscd for ihc prolinc assa\.
l'hc inctliod (Baies. 1976 in Kascio cl al.

I9.S7) applicd in this cxpcrimcnt uas as
l'ollows:

làoni prolinc stock ol" Il)in5i''l. si.\ dirrcicnl
dilutions wcrc niadc as standtird assa\

(().2nil. 0.6nil. I .2nil. I.Sinl. 2.4nil). In

cach saniplc (Staïuhird and saniplc
solution) wcrc addcd 2nil ol" ninidrine

solution (ninidrine. phosphoric acid 6M.
çlacial acctic acid) and 2iiil ol" clacial
acctic acid. Sani|ilcs wcrc put in Bain
Marie at 100 C" ror45nui tlicn transfcrcd in

icc. 4nil ortolucnc wcrc addcd in cach onc

and inixcd. Wlicn thc t\\o phases arc cil
scparatcd. lectures wcrc niadc in thc
spcctrophotoinctcr 01)520. Thc i|uantitics
ol" prolinc wcrc thcn idcntillcd b>
coinparison w iih standard curvc values.

RKSl L I S AM) DISCUSSION

!t lias bccn rcportcd. that low lc\cls ol'
prolinc arc round .iinonc ccrcal spccics in
tibscncc ol" stress ( 1 lanson. I9S0). W ccan

notice Ironi thc table I that thc nicaiis ol

!hc ihrcc rcplications niadc l'or prolinc
content 111 uiisii csscil saniplcs arc iioi \ci \

\ai ial4c froiii a \ai ict\ to thc oihcr Ils

.munints in aliscncc ol stress arc siluatctl

bctwccn appio\iin.iii\cl\ (> aiul I I 5 loi

botli I Oh and 2 Ih conii ois.

Prolinc accuinulation is known to incicasc

•v l icn plants .ne sub|cctcd to messes

'l laiison. I9S0: li ieo\eii et ai. I"92.

\s!/tt'n Cl al. 190 ̂  Suiulaiesaii and

'.lulli.A cMii. |99S; ihis appe.ii iMi the
taille w: ai ■.amples ne inuier sliess lor
I ' , I . lii.iii , ' 'Il I 'h; V ai tia obl.i in-ai en ' l l i

!:ev- c^ inlail! l!i i- lainaik ni \uin.il ■ ! Ii icl ':

iH nu iat ioii »a pi iil i i 'C in ehs.i \ 'cO
\\ a neiK^ .li < 1 l i i.a undei i l ' It ai. Mu

-  a i\ ,11 ( lueO , 1 1 II 1 pi e^ aii! I !K luchu
■  . 1 ' 1 iv' inii I lia 1 1 e KM M.' . ' 1 pi a a 1 1 11
Il I i i 1 1 1 1 1 1.11 1 en \ 'liai 1 1 (C a I -.'M II p' elel : , n

M a a Cl \ I 1 1 IP' 1 1.1 1 :l I ,it I Ph l 'uj ' 1 h

stress, thc accuniulalion is rcspcctivcly
37.95 and .>4.32 ).
! hc cultivai' Ofaiito inanircst a low value at
lOh stress (13.16). thc prolinc
accunuilation incrcasc l'or niorc than 5

tiiiics w hcn thc stress is prolonncd lo 24h
(72.14). In this cxpcrinicni. this \iiricty is
thc onc in which thc highcr accunuilation
lias bccn obtaincd.
l'or ■ KWC, wc can notice that
approxiniativcly niorc than 60"'oorwatcr
arc niaintaincd l'or ail thc cultivars whcn

saniplcs arc undcr IOh stress. I4ic cultivai'
Mohamed Ben Bachir undcr 24h stress
show a \'aluc corrcsponding to 48.3 . this
mcans that thc saniplcs havc lost Icss than
50"o of watcr. Ihis rcsult is noticcd l'or
only this cultivai'. With thc cultivai' Olanto
lost ol" watcr ha\c bccn iinportant. thc
lowcr \aille is obtaincd comparatix cl\ to
thc othcr (29 32) at 24h stress.

B\ corrclatinc thc twe paramctcrs
prolinc and KWC. wc conllrm that thc
hichcr is thc dccrcasc ol" watcr w hcn plants
arc uiulcr stress (24h stress in our case),
hichcr is thc prolinc accuinulation (.\l
I  Iakiir. et .il, 1995) . I hc cultix tir Olanto is
m our cxpcrimcnt a good ex.impie in w hich
thc highcr \aluc ol" jirolinc and thc lowcr
onc l'or KWC arc obtaincd.

Cmiiparinç thc table II lo ihc picccdcnl
eue .iiid by .inaixsinc ihe exolutum in
prolinc content and relatix e x\ aîci content
Iselween ihe s.imples sub|cctcd to xxaier
■ares^ aiul the ones unstresse(.l, xxe c.iii
. •■bserxc (ha! the e.' tix.ii ( lued /enati is
i  .el.ileii lieiii Ole olliei bx a iiieli
•aeiiil icatixe di lkieiiee lei b*.'lh preruie
and !\\\< ou.iiinrie.liions iii idei 'Oh sue'
P.u.i l lelx, '. lie eii llix.ir xil.uilo. iindei 2 lli
Il ss - iutw iIk liielier x liues loi theixxo

iMi .mil lei s • luoied I lie iiill ix.ii W .ili.i

I a I M'iii ipi I e\ im.ii i\ i l\ 1 , 1 1 . 1.i! • cmiMn
lei i ip.ii . iiL' lo . il.ailo. pu 1 1. u l.ii \ t u ihe
K W t
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Tnblc I. ProliiK' uiul KWC" mcans of tlic four cultivais uiuicr strcsscd ( H)h aiui 2-4h) and unstrcsscd

conditions.

Parant. ProUtte acctnttttla/ion (iiM/^DlV) Relative water content (RWX ') (%)

Trcal. Coittrol Stre.s.s Control Stre.s.s

S/treat. lOh 24h lOh 24h lOh 24h lOh 24h

O.Zenati 9.58 9.66 37.93 54.32 91.95 92.90 34.97 44.26

M.B.Ba. 7.50 10.51 10.29 52.30 94.42 97.28 77.50 48.30

Waha 1 1.64 1 1.65 13.98 61.77 78.29 94.30 61.89 36.10

Ofanto 5.96 6.75 13.16 72.14 95.00 95.60 69.12 29.32

Table II. M can values for the variations of prolinc content and fUVC bclween stre.s.sed and unstrcsscd

samples

Parant. ProUtte acctiinnlation (nM/^DW) RWC(%)

Treai. 10 h 2-flt lOlt 2-llt

cv. O.Zenati 28.350 a 44.660 c  36.97 e 48.64 O

cv. IVl.B.Bachir 2.915 b 41.610 c  15.03 f 48.98 M

cv. Waha 2.340 b 50.120 c  22.02 f 58.20 h

cv. Ofanto 7.20 b 65.460 d  25.86 f 66.34 h

.\U'ims with cifual Iclicrs du no! diflcr sifiiiificanily al

5% (lianfi'rroni iHiirwisc voiiiiHirisun).

Depending upon lliese preliiiiinary resiilts
and in conclusion to niinierous stiidies

(Jones and Tiiiner, 1978; Al Dakheel,

1989; l lenson et al, 1982; Johnson et al.

1984; Al Hakinii et al, 1995), \ve will have

a  better understanding if we take in
considération other components which

contribiite to llie response of the plants to
vvater stress.

liolh proline and RWC are infliienced

by osniotic adjuslnient. This inechanisni
vvhereby plants maintain positive turgor
hits been recognised to be an important
adaptative response to water stress. Al
Dakheel (1989) reported niimeroiis

techniques of osmotic adjustment
measurenients estiniated by the
deterniination of water and osmotic

poteniials of the plants in complement;irit>
to the proline and RWC quantifications.

CONCLUSION

These preliminary e.xperiinents gttve us
many informations aboul what happen
whcn plants are subjected to water déficit.
By determining the R.W.C and proline
content iised as sélection criteria, we can

partially have an understanding of man\
physiological mechanisms that impart
drought tolérance and lead to the
development of wheat better adapted to our
cereal régions. Repealed e.xperiinents and
elaborated studies including other
physiological parameters (osnu)tic and
water potentials, leaf tensile strength,
membrane integrit)...) ma\ be dexeloped
to identily drought adaptation mechanisms
of our local cultivais. The mechanisms

deduced should be completed h\ molecular
and iienetic anals sis of stress tolérance.
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