Available online at www.sciencedirect.com

sc.ENCE@D.nECTe

ELSEVIE C. R. Biologies 327 (2004) 389-398

Agronomy / Agronomie

Early water-deficit effects oresninal roots morphology in barley

Mohamed SahnourfeAhmed Add&, Samira Soualefh Meriem Kaid Harch,
Othmane Merah*

@ Département des sciences agronomiques et biologiques, université |bn-Khaldoun, BP 78, 14000 Tiaret, Algeria
b |nstitut de biotechnologie, université de sciences et technologie d’ Oran, BP 1505, Bir EI-Djir, 31000 Oran, Algeria
¢ Département * Agronomie et Environnement’, Etablissement national o enseignement supérieur agronomique de Dijon,
21, bd Olivier-de-Serres, 21800 Quetigny, France

Received 8 July 2003; accepted 13 January 2004

Presented by Michel Thellier

Abstract

In order to study seminal roots morphology in barley grown under different water treatments, experiments were carried out
under glasshouse-controlled conditionggtiEigenotypes were cultivated under fovaiter treatments (100, 75, 50 and 25% of
field capacity). Seminal root length and root-to-shoot dry matters’ ratio were measured. Root volume was assessed at three so
depths. Results showed broad genotypic differences for all traits. The effect of low and moderate water deficit was slight. In
contrast, the impact of severe water treatment was strongly marked on all traits. The impact of water deficit intensity on root
traits at different soil depths is discusséd.citethisarticle: M. Sahnouneet al., C. R. Biologies 327 (2004).
0 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Effet d’'un déficit hydrique précoce sur la morphologie des racines séminales chez I'orgene étude de la morphologie
des racines séminales de I'orgris différents traitements hyidues a été menée sous conditionstrélées. Huigénotypes ont
été cultivés sous quatre traitements hydriques (100, 75, 50 et 25 % de la capacité au champ). La longueur des racines séminal
et le rapport des matiéres seches racinaires et aériennes ont été mesurés. Le volume racinaire a été évalué a trois profondet
du sol. Les résultats montrent de larges différences génotypiques. Les traitements hydriques faible et moyen ne produisen
gu'un effet modéré, alors que I'impact du stress sévere sur les caractéres est fortement marqué. L'effet de I'intensité du déficit
hydrique sur les caracteres racinaires a différentes profondeurs du sol est dsautéter cet article: M. Sahnouneet al.,
C. R. Biologies 327 (2004).
0 2004 Académie des sciences. Published by Elsevier SAS. All rights reserved.
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Version francaise abrégée moyen (50 % CC) et sévére (25 % CC). Les plantes ont
été bien arrosées jusqu’au stade «deuxiéme feuille
La contrainte majeure qui affecte la production des bien développée ». A ce stade, le stress a été appliqué
céréales dans le Bassin méditerranéen est le manquear arrét d'arrosage. Les mesures des caractéres raci-
d’eau. Le climat de cette région est bien connu pour naires ont été réalisées au stade « quatre feuilles bien
ses précipitations erratiques et imprévisibles. Malgré développées». Ces mesures ont porté sur la longueur
ce caractére imprévisible, les études fréquentielles deet le volume racinaires ainsi que sur le rapport des ma-
ce climat ont permis d'identifier deux périodes de tiéres séchesracinaire et aérienne. Le volume racinaire
sécheresse principales. La premiére arrive a I'automnea été évalué a trois profondeurs différentes (0—20, 20—
du semis, jusqu’au tallage. La seconde coincide avec40, au-dela de 40 cm). L'humidité du sol (exprimée
le remplissage du grain. L'impact d’'une sécheresse en %) a également été évaluée a la fin de I'expérimen-
de fin de cycle sur la production des céréales a ététation pour les méme profondeurs que le volume raci-
largement étudié, alorgue les effets d'un déficit naire.
hydrique précoce restent peu connus. Des différences entre les génotypes ont été obser-
La sélection de plantes tolérantes a la sécheressevées pour 'ensemble des caracteres mesurés. Les trai-
est considérée comme le moyen le plus efficace pourtements hydriques appliqués ont affecté significative-
I'amélioration de ce caractere. Une meilleure compré- ment les caractéres étudiédnteraction génotypex
hension des mécanismes impliqués dans I'adaptationtraitement hydrique est également significative, ce qui
des plantes pourrait faciliter 'amélioration de la tolé- suggére que les génotypes ne répondent pas de la
rance. Cependant, ce caractére est complexe et résultenéme maniére au déficit hydrique. La longueur des
de la contribution concomitante de plusieurs facteurs, racines séminales est peu affectée par un stress hy-
parmi lesquels figure le développement racinaire. Une drique faible (75% CC). Ce caractere diminue forte-
large variabilité génétique a été observée pour plu- ment & partir d’un déficit hydrigue moyen (50 % CC).
sieurs caractéeres racinaires, chez plusieurs espéceg&n fait, la longueur des racines diminue trois fois des
végétales. Leur intérét dans I'amélioration de la to- conditions favorables jusqu’au stress hydrique sévére.
lérance a la sécheresse a été abondamment abordéour le volume racinaire, il n’'y a pas de différences si-
Néanmoins, la plupart des études ont été réalisées chexgnificatives dans la couche supérieure du substrat (0—
le blé, le mais, l'avoine et le sorgho. Peu de travaux 20 cm). Dans la seconde couche, seul le stress sévére
ont été réalisés sur I'orge, méme si cette espece estprovoque une diminution de la valeur de ce carac-
cultivée dans les régions méditerranéennes qui recoi-tére. Au-dela de 40 cm de profondeur, la diminution
vent le moins de précipitations et sont sans irrigation. de la valeur du volume racinaire va de pair avec l'in-
De plus, les rares études menées ont porté sur la mortensité du stress hydrique. A titre d’exemple, 90 % du
phologie des racines adventives. L'impact d'un stress volume racinaire sont confinés dans la couche supé-
précoce (lors de linstallation de la plante) sur les ra- rieure du substrat sous déficit hydrique sévere, alors
cines séminales a différentes profondeurs du sol n’a qu’en conditions favorables, on note une distribution
pas été abordé chez cette espéce. En I'absence d’infor+épartie sur les trois couches du substrat. Contraire-
mation sur la morphologie des racines séminales sousment aux deux premiers caractéres, le rapport des ma-
déficit hydrique précoce, I'objectif de notre travail est tiéres seches racinaire et aérienne augmente avec I'ac-
d’'étudier les différences génotypiques pour plusieurs croissement de l'intensité du stress.
caracteres racinaires a différentes profondeurs du sol, Les différences génotypiques et les différences
sous différentes conditions hydriques. entre les traitements hydriques observées dans notre
Pour ce faire, huit génotypes d’orge ont été cultivés travail sont similaires a celles rapportées dans la lit-
sous conditions contrdlées dans une serre dans des cytérature sur des racines adventives chez plusieurs es-
lindres en PVC de 60 cm de long, contenant un mé- peces végétales. Plusieurs travaux ont également établi
lange de sable, de terre et de matiére organique dangjue les génotypes de I'espéce étudiée ne répondent pas
les proportions 8:1:1. Quatre traitements hydriques ont de la méme maniere au stress hydrique. Notre étude
été appliqués : plantes bien arrosées (100 % de la capasouligne les différences de développement des racines
cité au champ (CQC)), stress hydrique faible (75 % CC), séminales en fonction de l'intensité du stress. En ef-
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fet, un déficit hydrique faible ou moyen affecte peu le stress periods would help the drought-tolerance breed-
développement de ces racines, alors que I'impact d'un ing [4]. Nevertheless, drought tolerance is a complex
stress sévere est beaucoup plus marqué, en bloquant l&rait resulting from the contribution of numerous fac-
croissance. Cet arrét de croissance serait engendré pators. Among the several putative characters, water sta-
la mort des apex racinaires et par la non-initiation de tus parameters [6,7], carbon isotope discrimination
nouvelles racines latérales. L'augmentation du rapport [8,9], roots characters [3,10,11] are interesting traits
des matiéres séches racinaire et aérienne sous déficifor drought-tolerance evaluation.
hydrique est plus liée a la diminution de la production The development of extensive root system con-
de la matiére seche aérienne qu'a celle des racinesgtributes to differences between cereal cultivars for
sauf sous stress severe, ou nous avons observé une ddrought tolerance [5,12]. &otypic variability has
minution des deux. been found in many species for root characters [13—
D'une maniere générale, cette étude a montré 16], and their interests for drought tolerance improve-
I'existence d’une variation génotypique pour les ca- ment discussed [4,5,12]. Several works have studied
racteres morphologiques des racines seminales chezoot development mostly in wheat, maize, sorghum
I'orge sous déficit hydrique. Les génotypes ne répon- and oat. The scarce root development studies in bar-
dent pas de la méme maniere au manque d’eau dans lgey have been done on adventitious roots under water-
sol. Ces différentes réponses ne sont pas liées a I'ori-deficit conditions [10,11]. Moreover, these studies
gine géographique des lignées. Une étude sur une col-were performed at flowering stage. An appreciable
lection plus large permettrait d’examiner ce lien entre genotypic diversity for root growth at early stages
la réponse des genotypes et leur origine géographiquewas reported in barley under favourable conditions
comme il a éte trouvé pour d'autres caracteres mor- or under other abiotic stress [14,17,18]. However,
phologiques et physiologigues. Une étude anatomiquethese reports cannot reflect the plant behaviour un
mérite d'étre menée et permettrait d’approfondir nos der harsh conditions prevailing in the Mediterranean
connaissances sur la réaction des racines séminale®asin. There is limited insight into morphological
face a un deficit hydrique. traits of seminal roots in barley under drought, al-
though this species is mainly cultivated without irriga-
tion in arid and semi-arid regions. The comparison be-
tween adventitious and seminal roots in wheat showed
Water shortage is the major constraint affecting ce- that the two root types perceive and respond differ-
real production in the Mediterranean Basin. The cli- ently to drought stress and demonstrated the extreme
mate of this region is characterised by erratic and un- sensitivity of seminal roots to water stress [19,20].
predictable precipitations [1]. Although drought may Other studies showed that damages caused to wheat
occur at any stage of cereal development in these ar-seminal roots and seedlings depend more on the timing
eas, climatic frequency studies have identified two ma- and severity of drought than on its duration [19-21].
jor periods when drought is most likely to occur [1,2]. Indeed, these works emphasised that severe drought,
The first occurs in autumn during the period from sow- even during short periods, affects long-term growth of
ing to tillering. The second njar drought period coin-  cereals plants. In addition, early water stress seems to
cides with the grain-filling phase. Impacts of terminal damage the number of tillers and the number of grains
water stress on cereals have been thoroughly investi-per ear [1,19,20], which strongly reduces yield pro-
gated, while studies of early season drought are lack- duction in cereals [5,22].
ing. An early season drought may affect considerably =~ The most studied traits were volume, length and
yields through the limitation of tiller survival rate and number of seminal roots as well as the root-to-
number of kernels produced [1,3]. shoot dry matters’ ratio. It was reported that the
Selection of tolerant cultivars has been consid- nhumber of seminal roots is slightly or not affected
ered as an economic and efficient means to improve by water deficit [19,20,23,24]. Other studies reported
drought tolerance [4,5]. A better understanding of that this trait could not be used to discriminate cereal
mechanisms of adaptation water deficit and main-  genotypes [13]. In contrast, volume and length of both
tain of growth, development and productivity during adventitious and seminal roots were considered as

1. Introduction
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efficient characters to evaluate genotype response to Arandomised complete block design was used with
water stress [10,13,16,18-21,23,24]. All these works two blocks. In each water treatment, each genotype
were performed on total root system. Limited studies was represented by five plants. Seeds were putin Petri
have considered the response of adventitious roots atdishes for germination. After the emergence of the
different soil layers. Similar investigations on seminal first leaf, the seedlings were grown in PVC cylinders,
roots are lacking. 60 cm high and 10 cm in diameter, and filled with a
In the absence of any information on morphological mixture of sand, soil and organic dry matter (8:1:1).
traits of seminal roots in barley under water-deficit The plants were wateredt the field capacity until
conditions, the major objective of this study is to the emergence of the second leaf. At this developmen-
examine the differences in some morphological traits tal stage, water was withheld to induce water deficit.
of seminal roots at different soil layers among barley The plants were submitted to four different water treat-
cultivars in response to the variation in the intensity of ments at 100, 75, 50 and 25% of the field capacity

water deficit. (FC), hereafter considered as favourable conditions,
low, moderate and severe water deficit, respectively.
2 Material and methods The measurements of soil humidity were performed
when plants were at four fully developed leaves by
2.1. Plant material weighing soil samples at plant harvest (i.e., the end

. of experiment) and reweighing them after drying at
Eight barley genotypesiordeumwulgareL.) from 105°C during 24 h. Soil humidity was determined at

different geographic origins were used in this study.
They included an Algerian landrace, one accession 0-20, 20-40 and beyof‘d 40 cm depth. The Measurg-
ments were done on five samples for each depth in

from the Italian germplasm and an improved variety
from the Arabian Centre for Studies of Arid Zones and each water treatment.
Drylands (ACSAD). The five other genotypes were 5 3 \easurements
improved varieties released by the ICARDA program
(International Centre forAgricultural Research in Roots were washed in order to eliminate the pot-
Dry Areas) under Syrian conditions. The names and ting mixture residue. In each water treatment, mea-
origins of these genotypes are reported in Table 1. surements were performed on ten plants. The length
of seminal roots (in cm) was measured. Seminal root
volume was evaluated at three depth layers (0—20 cm,
The experiment was conducted, under glasshouse-20-40 cm and more than 40 cm), according to the
controlled conditions, in the University of Tiaret method of Musick et al. [25] by immersion in a grad-
(Algeria). Diurnal and nocturnal temperatures were uate test tube and measure of the displaced water vol-
maintained at 20 and P& respectively and the ume. Roots samples and aerial fresh samples were
relative humidity was 70%. The photoperiod was oven-dried at 80C for 48 h and weighed to determine
maintained at 15 hday, with a supplement of light  the dry matter weight of each part. The ratio of root to

2.2. Experimental design and water conditions

of 85 Wm 2. shoot dry matters (RDM/SDM) was then calculated.
Table 1

List of the barley genotypes used in this study

Genotype Type Origin

1 - Saida Landrace Algeria
2—ACSAD 176 Advanced line ACSAD (Syria)

3 — Arizona5908/Aths/line640/3/Arizona5908/Aths/line640 Advanced line ICARDA (Syria)
4 — Cl08887/Cl05-761/line640/A/4/Sask1766/Api Cell/3/Weeah Advanced line ICARDA (Syria)
5 — Wislburger/Ahor1303 61/steptoe, Atar€3B889 H-0140-OAP Advanced line ICARDA (Syria)

6 — Algerian selection plot 601/Ses* Advanced line ICARDA (Syria)

7 —U.Sask. 1766/Api/Cell/3/Weeah/3/line 527/NK 1272 Advanced line ICARDA (Syria)

8—-10.94583 Landrace IAO (ltaly)
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Fig. 1. Mean values of soil humidity measured at three soil depths in four different water treatments expressed in percentage of field capacity.

Bars represent standard error.
2.4. Satistical analyses

All the data were subjected to ANOVA using the
GLM procedure of SAS (SAS Institute, 1987, Cary,
NC, USA). Comparisons between genotypes, within

Fig. 1. Differences in soil humidity were detected at
the topsaoil layer (0—20 cm). The reduction in soil water
content in the upper soil layer between the control
(100% of field capacity (FC)) and severe water deficit
(25% FC) was significant. Major differences between

each water treatment, were based on the Duncan testwater treatments were observed in the deepest layer.

at 5% probability level.

3. Results

The profiles of soil water content for 10-cm depth

These differences are more pronounced between 100
and 25% FC treatments. The soil water content under
severe stress was significantly lower than under the
three other water treatments.

Genotypes differed significantly in all measured
traits (Table 2). Detailed genotypic values are pre-

increments in each water treatment are presented insented in Tables 3 and 4. There were significant differ-
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Table 2
Mean square values and the significance of water treatment, genotypleeminteraction effects on root traits measured on eight genotypes
grown under four water treatments. Degrees of freedom (d.f.) are also displayed

Trait Water treatment Genotype effect Genotypex water
effect (d.f.=3) (d.f.=7) treatment effect
(d.f.=21)
Seminal root length 83013™ 74454™ 39337
Root-to-shoot dry matters ratio o/ 0.27™ 0.58™
Seminal root volume
0—20-cm layer 382™ 1275™ 3052™
20-40-cm layer 1D4™ 1154™ 26.81™
Beyond 40 cm 4™ 26.59™ 15.82™

* significant atP < 0.001.

Table 3

Mean values of seminal root length and root to shoot dry matters mat@sured on eight genotypes grown undifferent water treatments.
Means indicated by different letters (within each water treatment) gnéfisantly different (at 0.05 probability level) by the Duncan comparison
test

Genotype Water treatment (% of field capacity)
25 50 75 100 25 50 75 100
Seminal root length (cm) Root to shoot dry matters ratio‘(é)g
1 2068 52.68 59.3€ 64.08 0.39%8 0.178 0.14B 0.10°B
2 17.3¢ 56.4° 6188 67.7° 0.378 0.19° 0.17" 0.117
3 2068 56.34 56.5P 68.5° 0.388 0.178 0.16* 0.098
4 2078 55.28 59.0C 61.8C 0.44~ 0.14° 0.12° 0.10°B
5 252~ 55.1A 58.2C 55.4P 0.35¢P 0.14¢ 0.1 0.098
6 17.4¢ 42.0P 653~ 67.6" 0.378 0.14° 0.12° 0.088
7 143P 53.68 58.7C 65.6°B 0.30°P 0.13° 0.12° 0.11A
8 2018 49,6 57.20 66.1°B 0.388 0.178 0.13 0.127
LSD 15 19 16 23 0.03 002 001 002

LSD: least significant difference.

Table 4

Mean values of seminal roots volume measured at three soil deptlightigenotypes grown undeifigrent water treatments. Means indicated

by different letters (in each soil layer and within each water treatment) are significantly different (at 0.05 probability level) by the Duncan
comparison test

Genotype  Water treatment (in % field capacity)
25 50 75 100 25 50 75 100 25 50 75 100
Soil layer 0-20 cm Soil layer 20-40 cm Soil layer beyond 40 cm

060B  0.60P 050°0  048° 000B 037 0428 038 000 0372 025° 0308
067"  0.68° 0.62* 049€ 0008 03 0408  0.38° 000 033F 0288 025°
070 05X 0.5 050¢ 010  0.30° 037 045" 000 030° 025° 0.25¢
067 065" 0.65% 053 0008 043F 0428 043" 000 043* 0288 028
073* 065" 0.48° 058 015 0378 0458  0.20° 000 0372 020° 025°
0558 057 0.588 058" 0108 0358C 060" 03P 000 0358 025° 03P
040  0558C 060"  058* 0108 04 065* 0378 000 043* 030 033F
035¢ 053¢ 0.45P 0558 000 040" 0458 0500 000 040" 0288 040"
LSD 0064 Q034 Q041 Q022 Q070 Q040 Q071 Q062 - 0030 Q022 Q049

LSD: least significant difference.

0O~NO O WNPRP
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Fig. 2. Mean values of seminal root length) @nd volume i)
measured on eight barley genotypes cultivated under four water
treatments. Seminal root volume was measured at three soil layers.

ences between studied watedatments. The genotype
by water treatment interaction was also significant for
all characters (Table 2).

Measured traits were significantly affected by water
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decreased more than three times from 100% to 25%
FC. Seminal root volume was studied in three soil
layers (0—-20 cm, 20-40 cm and beyond 40 cm)
for each water treatment. At the topsoil layer (0—
20 cm), there were no significant differences between
water treatments for seminal root volume (Fig. 2b).
In the second soil layer (20—40 cm), no significant
differences were found between favourable conditions
and both low and moderate water deficit. However,
the value of root volume in this soil layer fell in
completely below 50% FC (Fig. 2b). In the third
soil layer (beyond 40 cm), the root volume decreased
slightly under low water deficit and strongly when
water became scarcer (Table 4). Indeed, roots did
not grow deeper than 40 cm. Under both 100% FC
and low water deficit conditions, the root volume was
distributed over the three studied soil layers. Moderate
water deficit induces a decrease of root volume in the
deeper layer and an increase of values of this trait
in the upper layer. At 25% FC, 90% of roots were
confined in the topsoil layer and did not grow in the
deepest layer (Fig. 2c¢).

In contrast to the former traits, root to shoot dry
matters ratio (RDM/SDM) increased when soil water
decreased (Table 3). Thigatt increased nearly four
times from favourable to severe water conditions.

A large genotypic variability was noticed for all
measured traits. For both root length and volume,
globally and as described before, there was a slight
increase of trait values followed by a strong one below
50% FC treatment (Tables 3 and 4). Nevertheless, the
studied genotypes did not present similar behaviour
in response to water deficit. The genotypic values
of measured traits are presented in Tables 3 and 4.
For roots length, genotypes 3, 2 and 6 showed the
highest values, whereas genotype 5 exhibited the
shortest seminal roots undévourable conditions.
Inversely, while genotype 5 presented the longest
roots, genotypes 7, 2 and 6 have the shortest ones
under severe water stress. The root length of genotype

treatments. Mean seminal root length value was near 5 did not vary from favourable to moderate stress, but

65 cm at 100% FC. This value decreased slightly
with the increase of water stress intensity (Fig. 2a).
Moreover, no significant difference between 100 and

decreased under moderate stress conditions (i.e., 50%
FC), and decreased more than twice from favourable
to severe water conditions. The difference observed for

75% FC treatments was observed. In contrast, whenthis trait on genotypes 7, 2 and 6 was more marked.

water deficit went below 50% FC, seminal root length

The root length under 100% FC was 4.6 (genotype 7)

decreased strongly and reached a value of 19.5 cmand 3.9 (genotypes 2 and 6) higher than under 25%

at 25% FC (Fig. 2a). In fact, the seminal root length

FC. In contrast to the majority of genotypes where
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0,50

a strong decrease of values was noted below 50%

FC, genotype 6 (see Table 3) seems to respond early{;

to water deficit. This line which presents the highest & 4
value at 75% FC showed the lowest root length at 50% .
FC (Table 3). For RDM/SDM, the lowest values were
observed under favourable conditions and genotypes
were slightly different. Genotypic differences were
more marked, especially under severe water deficit.
The RDM/SDM was 4.63, 4.40 and 4.22 higher under = 0,20
severe water stress than under favourable conditions'E

for genotypes 6, 4 and 2, respectively. The lowest 2
difference between the two water treatments was & 0.10
found for genotype 7. E

0,30

ry matter rati

4. Discussion 0 25 50 75 100

Significant differences were observed between stud- Water treatment (% field capacity)
ied water treatments (Figs. 2 and 3). Similar differ-
ences were already reported for several species on
seminal and on adventitiis roots [10,11,26—29]. Most
of these works have also found significant interaction 0.80
between water treatment and genotype, which mir-
rored differential responses patterns to increasing wa-
ter stress. These results are confirmed in our study (Ta-
ble 2).

A large genotypic variation was observed here for

all studied root traits (Tables 3 and 4). These results g 040
confirm the broad variality found for morphological =
traits in seminal [20,23,30] and adventitious roots [15,
28,31,32]. All these studies were done in wheat, maize 0,20
or sunflower. The few studies performed in barley on
adventitious roots under water stress [10,11] or on ’:_-
seminal roots under favourkgxonditions [33,34] also 0,00
25 50 75 100

observed genotypic variability. Our results emphasised

the e_:xistence of_ap_preciable genotypic differenceg @n Water treatment (% field capacity)

seminal roots traits in barley grown under water-deficit

conditions (Tables 3 and 4). Fig. 3. Mean values of root to aerial dry matter ratm @nd
Seminal roots’ length was affected by the decrease roots and aerial dry matteb measured on eight barley genotypes

in soil water moisture. This decrease is slight un- cultivated under four water treaents. Bars represent standard

der low and moderate water stress. In contrast, the erer

root length is strongly affected under severe water- titious roots [10,11]. Seminal roots were also studied

stress conditions (Fig. 2a). Several studies have al- under acid and acid/aluminium stress [17] or under

ready reported the effect of water stress on adven- favourable conditions in barley [33] or in comparison

titious roots length [3,27,29,35,36]. The few studies with other cereals [13]. This latter work emphasised

performed on seminal roots also noticed the decreasethe superiority of barley compared to other cereals in

of root length under water stress [18-20]. However, seminal root expression.

all these studies have been done on wheat or oat. Root volume was strongly affected by water stress

The scarce works on barley were realised on adven- (Fig. 2b). Similar trends were observed on adventi-

1 Root dry matter b
N Aerial dry matter

0,60

matter (g)

(=]
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tious roots of wheat [27-29,36] and of barley [10,11]. dry mass production are reduced, as described in pre-
Most of these studies have also noticed that root vol- vious reports [18,39].

ume was not significantly affected in topsoil layer, but A differential genotypic response was observed
strongly decreased in deeper layers. These results werehere. Nevertheless, these differences are not related to
confirmed here. Nevertheless, the severity of stress hasthe geographic origin. In fact, studied genotypes have
an additional impact on this trait, which was not stud- been released under harsh Mediterranean conditions.
ied in the cited works. Our results showed that low Mid-East genotypes have been reported to respond
and moderate water treatments affect more s“ghﬂy dif‘ferently from those of North Africa for water status
root volume in top and middle soil layer than expected Parameters [40], carbon isotope discrimination [9],
(Fig. 2b). In contrast, under severe water stress, there9aS exchange [41], and root characteristics [10,29].
were no roots in the deepest soil layer (Table 4). In- !t could be mteregtmg to study seminal roqt traits
deed, more than 90% of roots were confined in the N & large collection of genotypes from different
topsoil layer confirming previous report [28]. This lat- geographic regions. . L

ter study showed that 81% of roots of wheat geno- " conclusion, an appreciable genotypic difference
types cultivated under water stressed conditions were for seminal roots traits was observed in this study.

distributed in the 0—-30-cm topsoil layer. A significant ﬁoggega;r::?r:alln:ggf::ho;r;\é:&tl;er; \:/svté?essaf?enctreodokt)s \\:vv:tser
decline in root volume under early-season drought in ' y

. . stress and the impact of water deficit on these traits
deep soil layer was observed in durum wheat [3]. . . .
However, the decline observed in this latter work is is related to the intensity of stress. It seems that
" '” h its sh d ast d the severe water stress causes the death of apices,
quite small, whereas our results showed a strong A€-,, nich |imits root growth. Anatomical approaches of
crease of root volume in the deepest layer. The dif-

¢ bably d he induced seminal roots under severe water deficit may help to
erence W?‘s proba yk ue to the in “ﬁe water StreEsunderstand the changes induced by water deficit or
between the two works, suggesting that root growth ,herated by plants in response to this stress.
depends on the intensity of water stress. The soil struc-

ture and composition could also contribute to the dif-
ference observed between the two studies.

Several works have studied the effect of stress du- [1] C. Baldy, Comportement des blés dans les climats méditer-
ration on adventitious roots [10,27,37]. Other studies ranéens, Ecol. Méditerr. XII (3-4) (1986) 73-88.
demonstrated that the seedling stage is more important [2]S.P. Loss, K.H.M. Siddiqueorphological and physiological

. g g P traits associated with wheat yield increases in Mediterranean
than the duration of the stress when water stress 0C-  environments, Adv. Agron. 52 (1994) 229-276.
curs [19]. The root growth is dependent on both stress [3] R. El Hafid, D.H. Smith, M. Karrou, K. Samir, Root and shoot
severity and timing [18,19,21].The extreme sensitivity growth, water use and water use efficiency_of spring durum
of seminal roots to water deficit was probably caused ~ heatunder early-season drought, Agronomie 18 (1998) 181~
. - 195.
by the absence of cuticle that could protect against [4] 0. Chloupek, J. Rod, The root system as a section criterion,
water evaporation [38]. Due to the death of existing Plant Breed. Abstr. 62 (1992) 1337-1341.
apices and no initiation of new lateral roots [18,26] [5] N.C. Turner, Further progresin crop water relations, Adv.
. Agron. 58 (1997) 293-338.
under _sev_e_re wat(_er stress, seminal roots cease to grow [6] O. Merah, Potential importaeof water status traits for durum
[39]. Significant differences were found between wa- wheat improvement under Mediterranean conditions, J. Agric.
ter treatments for RDM/SDM (Table 2). An increase Sci. 137 (2001) 139-145.
in values Corresponding to this trait from favourable [71 B. Teulat, C. Borries, D. This, New QTLs identified for plant
" - water status, water-soluble carbohydrate and osmotic adjust-
conditions to severe water deficit was fou.nd (Table 3). ment in a barley population grown in growth chamber under
These results were expected and confirm those re- g water regimes, Theor. Appl. Genet. 103 (2001) 161-170.
ported for several other species [10,11,27,29,36,37]. [8] G.D. Farquhar, R.A. Richards, Isotopic composition of
This ratio was higher under drought conditions than plant carbon correlates with water-use-efficiency of wheat
under well-watered conditions, due to reduced shoot ., 98n0YPes, Aust. J. Plant Physiol. 11 (1984) 539-552.
. [9] O. Merah, Relationships b&een carbon isotope discrimina-
growth rather than root growth [3,18], as presented in tion and mineral composition in durum wheat, C. R. Acad.

Fig. 3b. Under severe water deficit, both root and shoot Sci. Paris, Ser. 11l 324 (2001) 355-363.
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