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Abstract - Preliminary experiments  using four durune wheat cultivars (Mohamed Ben Bachir,
Oued Zenati, Waha, Ofanto) were carried out in order (o study tvo physiological parameters
involved during water deficit. The relative water content (RIVC) and proline accumulation were
used as sclection criteria for drought tolerance and determined swhen plants (coleoptyles) are
subjected 1o 10 and 24 hours water stress. Preliminary results are given in this paper. The
evolution in proline  accumulation  and water loss within cach cultivar are considered.
Complementary analysis using other morphological  parameters should be added in order to
give a better understanding 1o the mechanisins by which plants resist to water deficit.

durum wheat 7 drought stress / physiological purameters / RW.C/ proline content

Résumé - Un essai préliminaire a 616 réalisé duns le but d'étudier certains paramétres
phvsiologiques 1ids & la sécheresse. Quatre varidtés de blé dur (Mohamed Ben Bachir, Oued
Zenati, Waha, Ofanto) ont 6t6 wilisées. La teneur relative en eau (TRE) et 'accunmudation de
proline ont été détermindes quand les plames (coléoptiles) sont sujettes a 10 et 24 heures de
déficit hvdrique (expérience  mende an luboratoive dans des conditions controlées). Des
résultats préliminaires  ont 816 obrenus quant an comportement de chacune des variéiés estées

Juace a ce stress.
blé dur / stress hydrique / parametres physiologiques / TRE/ teneur en proline
(Johnson ¢t al. 1984). Tissuc turgor

pressure has a considerable influence on
plant water relations because it controls the

INTRODUCTION

One  potentially important mechanism of

drought resistance is  osmotic adjustment,
the accumulation  of solutes in plant tissue
in response to dehydratation (Turner and
Jones, 1980 in Johnson et al., 1984). This
mechanism results in the maintenance of
turgor  pressure  to a lower water
potentialthan possible in unadjusted plants

diurnal variations of tissue total potential
and  turgor depending processes such as
foliar expansion. stomatal opening, plant
transpiration  and  several  enzymatic
reactions (Rascio et al. 1987).

The plant capability to keep a positive
or constant  turgor when water potential



decrease s an important adaptative feature
to water stress (Turner, 1979 in Rascio et
al. 1987). RW.C is frequently proposed as
a  criterion in sclection  for  drouglht
olerance. It is influenced by osmotic
adjustment  and by  water absorption and
transpiration,

For many authors. tolerant cultivars
manifest a higher R.W.C - during osmotic

stress and consider this parameter as one of

the best stress indicator (Al Hakimi et al,
1995).  Other physiological parameters can
be used to determine the plant water status

like: vsmotic potential. water potential, leal

tensile strength and membrane integrity.

At biochemical level, the increase in the
solute  content  of  cells  leading  to
maintenance  of turgor is an adaptative
rooponse mvolved in osmotic adjustment.
Sugar. organic-acid and amino-acid are the
solutes accumulated during water stress.

Proline is the most common amino-acid

thought o play a cardinal role as solute
osmorcgulator not only in plants but also in
cubacteria. protozoa. marine invertebrates
and algae  (Ashton et al. 1993). The
accumulation of this solute seems to be one
ol the most immediate  response to water
stress (Aspiall and - Paleg, 1981 in
Sundaresan  and Sudhakaran. 1993) | ils
level  can increase as much as 100 fold
(Sundaresan and Sudhakaran. 1995).
As result of general accumulation during
several stresses such as low temperature,
nutrient  deficieney. exposure 1o heavy
metals and high acidity this amino-acid
may - be considered as a part of general
adaptation  to adverse  environmental
conditions (Bohnert et al. 1993).

Inour experiment,  relative water
content (RW.C) and proline accumulation
were used as o preliminary step in the
anuabysis ol the eftect of 10 and 24 hours
water stress o our durum wheat cultivars.
[he experiments were carried out in the
laboratory  rescarch  of the experimental
station  ES.Cdlstituto Sperimentale per T
Cercalicoltura Foggia. laly ).
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MATERIAL AND METHODS

Plant material and growth conditions

Four durum wheat (7riticum durum Desf.)
cultivars  were used in these  present
preliminary - experiments. Two  Algerian
cultivars. Mohamed Ben Bachir and Qued
Zenati are known to be drought tolerant,
the cultivar Waha called also Shaml s
from ICARDA (Syria) and considered as
high yielding variety in Algeria (where it
is cultivated  for many years). The tfourth
cultivar  Otanto is from ltaly caracterised
by a good quality. a high productivity and
drought tolerance.

Scedlings were grown in petri dishes on
moist (ilter paper to the first leal” stage
(coleoptyle) and then subjected 10 water
stress by uncovering the dishes letting the
air  desiccate them for 10h and  24h,
unstressed — seedlings were kept moist as
controls . The samples were harvested and
used  for relative water content (R W.C)
and proline analy sis.

RN.C method

Stress was applicd at coleoptyle stage. The
relative  water content was  determined
according to Barrs and Weatherley (1962),
method usually used in this laboratory.
Cut leaves  were weighted (Fresh Weight,
I.W)L then ettt ina water saturated for
three hours and their turgid weights (1.W))
were caleutated. The samples were then
dried in an oven at 80°C tor 24hours and
weighted  (D2W.1 The relative water
content (R.W.C) s determined as tollows:
RW.C o FW-DW W - DWW N 100

Proline quantification method

Dried leaves  were  ground  in Hiquid
Nitrogen in a mortar then lelt o dry at
SO C for 4hours. ACS0mg ol dried sample
were added  10m1 ol Sultosalicilic acid
(3°oW'V). The mixture was vortexed tor
one hour and shaked every 1omn. The



sample solutions were  Alorated in funnels

with - Wathman  paper GF'AL 0.5ml of

stressed  sumple and  Iml o of conwrolled
sample were used for the proline assay.
The method  (Bates. 1976 in Rascio et al,
1987) applicd  in this experiment was as
tollows:

From proline stock of 10mg/L six different
dilutions  were made  as standard assay
(0.2ml 0.6ml. [2mic L.8ml 24ml). In
each  sample  (Standard  and  sample
soelutiony were added 2ml of ninidrine
solution  (ninidrine. phosphoric acid OM.
zlacial accetic acid)  and 2mi of glacial
acetic acid. Samples  were put i Bain
Marie at 100-C for 43mn then transfered in
ice. dml ot toluene were added in cach one
and mixed. When the two phases are well
separated,  lectures were made in o the
spectrophotometer O1D320. The quantities
o proline  were  then  identified by
comparison with standard curve values.

RESULTS AND DISCUSSION

It has been reported. that low levels of

proline are found among cereal species in
absence ol stress (Hianson, 1980). We can

notice Trom the able T that the means of

the three replications made for proline
content o unstressed samples are notvery
variable  from o variety o the other. s
amounts i absence of stress are siuated
between approvamatinely o and 115 tor
both 1T0h and 24h controls.

Proline  sccumulation s known to meicase
when o plants e subjected 100 stresses
hanson. 19800 hiivoven oo i 1992
Achton e oab tuet Sundaresan and
Sudholran, 1vos, Phis appoa on the
table Wi sanples e under stiess tor
i than ol e vanoes obtned on S b
Goss vontaom e camarh m winch achoe s
wommtbanen ol prolaae s obscived

N eonotiee aibon that ander 10 e s the
Ceitivar s Oued Sonat peesent e heehor

e bul ihe RS RSN O et

cnnitiaton Aahen e sress s proloneod

Coot ey ampentait cat Tohond b

20)

stress. the  accumulation  is respectively
37.93 and 54.32).

The cultivar Ofanto manitest a low value at
10h stress  (13.16).  the  proline
accumulation  increase  for  more than 3
times when the stress is prolonged 1o 24h
(72.14). In this experiment. this variety 1s
the one in which the higher accumulation
has been obtained.

For- RWC, we can  notice  that
approximatively more than  60%6 of water
are maintiimed  for all the cultivars when
samples are under 10h stress. The cultivar
Mohamed  Ben o Bachir under 24h stress
show a value corresponding 10 48.3 | this
means  that the samples have lost less than
0% of water. This result is noticed for
only this cultivar. With the cultivar Olanto
fost ol water have been mmportant, the
lower value is obtamed comparatively to
the other (29.52) at 24h stress.

By correlating the two  parameters
proline and  RWC, we contirm that the
higher is the decrease of water when plants
are under stress (240 stress in our case).
higher is the  proline accumulation (Al
Hakies ctal, 1995) . The cultivar Ofanto is
i our experiment a good example in which
the higher value of proline and the lower
one tor RWC are obtained.

Comparing the table 1o the precedent
one and by analysing the evolution in
proline content and relative water content
between  the samples subjected to water
stress and  the ones unstressed. we can
abserve that the couvar Oued Zenati s
pelated frome ahe other by w haeh
stemhicative  difterence tor both protine
and RWC quanuhestions umder "Oh saree -
Parallely . the calovar Otato, ander 2 th
s how dhie heher vadues Tor the two
satamciors studieds The  calovar Waha
prosenic appronanatineby oar resalts
connparing o Otantos pontecadaey o the
W (



Table I. Proline and RWC means ol the four cultivars under stressed (10h and 24h) and unstressed

conditions.

Param. Proline uccumulation (nM/gDIF) Relative water content (RIVC) (%)
Treat. Control Stress Control Stress
Stireat. 10h 24h 10h 24h 10h 24h 10h 24h
O.Zenati 9.58 9.66 37.93 54.32 91.95 92.90 5497 44.26
M.B.Ba. 7.50 10.51 10.29 52.30 94.42 97.28 77.50 48.30
Waha 11.64 11.65 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 Il. Mcan values for the variations of proline content and RWC between stressed and unstressed

samples

Puram. Proline accumndation (nAgDI) RIVC (%)
Treat 10h 240 10h 24h

cv. O Zenati 28.350 a 44.660 ¢ 3697 ¢ 48.64 e
cv. M.B.Bachir 2915 b 41.610 c 1503 f 48.98 9
cv. Waha 2.340 b 50.120 ¢ 2202 f 58.20 h
cv. Ofanto 7.20 b 65.460 d 2586 f  66.34 h
Means with cqual letiers do not differ significamiy ar

= 3% (Bonferroni pairwise conparison).

Depending upon these preliminary results CONCLUSION

and in conclusion to numerous studies
(Jones and Turner, 1978; Al Dakheel,
1989: Henson et al, 1982; Johnson et al.
1984: Al Hakimi et al, 1995), we will have
a  better understanding if we take in
consideration  other components which
contribute to the response of the plants to
water suess.

Both proline and RWC are influenced
by osmotic adjustment. This mechanism
whereby  plants maintain positive turgor
has  been recognised to be an important
adaptative  response 1o water stress. Al
Dakheel (1989)  reported  numerous
techniques of  osmotic  adjustment
measurements estimated by  the
determination  of water  and  osmotic
potentials ol the plants in complementarity
1o the proline and RWC quantifications.

These preliminary  experiments gave us
many informations about what happen
when plants are subjected to water deficit.
By determining the R.W.C and proline
content used as sclection criteria, we can
partially have an understanding of many
physiological mechanisms  that  impart
drought tolerance and lead 1o the
development of wheat better adapted to our
cereal regions. Repeated  experiments and
claborated  studies  including  other
physiological ~ parameters  (osmotic  and
water  potentials,  leal” tensile  strength,
membrane integrity...) may  be developed
to identily drought adaptation mechanisms
of our local cultivars. The mechanisms
deduced should be completed by molecular
and genetic analysis ol stress tolerance.
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