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INTRODUCTION AND BACKGNOUND

Yietrd of m,osl ,cgops is often limited by
drought and sunflow.er ds not an exoqption. In-
deed, under the typi,cral dnyland gnowing oon-
ditiorns of $pain, surnfù,ower yieldrs air,e only a
fractrion of what can be obtrairr,ed in similan
envir,onrnents wheure water d,oes rlot lirmit crop
produ,cti'on. S'unflower is b,ecoming a very im-
portant cn op in Spain. 1983 estimates indi'oate
that the âr€a cropp,ed bo ,sunfl'ower6 is appro'a-
ching ,one million h,ecbares, most ,of it undor
d,ryland 'c,onrdiitions. Sunfùower iis usuallly pJrarn-

ted in eamly ,or l,ate spring 'depending on th,e
ar,oa, and develolx into the hot rsr.ummer. Unde,r
a mediûeriran,san-type rainfall patùernn, drylanid
yields depend on ttr,e am,ount and distribution
of winter and spning rains and on the watsr
holdring cqpa,city ,of the soril to carry the cnop
thrr.ough ,maturrity. Drylanrd yùdlds ar,e low in
Slpa,in, os'ci:llating kretween 500 arld 1,500 kg/ha
depending on the area and on the year. It is
not urr,usua,l rto obtarin orv,er 3,500 kg/ha mnder
lrrigated con'diitions with high nûtmogen ûniput.
Thus, dnought i,rnqrorses in rnost of Spain a
ser,ious l,i,mitation to sunflowen prroducti'on and
y,ield improvements und'er d,ryùanid'sonditions
are b,adly needed to ,stabil,ize an'd in,cnease fan-
mens'in,oome.

Water ,stress affects cr,ops in many diffe-
rent ways and the yield reduction in a deter-
rninate rcrop is d'u,e Ûo r'ed,u,ctiorr,s in s,orurroe size
(lsaf area), souroe rintem,sity (photosynthetic
rate), rrepu'oductive sjnk size ;md srorunce dura-
ti'on (Hsia,o et al., 1976). The effects of waten
stness ,on a sunflower qrop olperate through
redLuctions irn size anrd durratio.'n crf plant leaf
atrea, tredu,ced nurnrber o,f g'nadns ,p,er head anrd
l,ower ph'otorsyntheti,c rates. Figune 1 pnesents
a seiasonal 'connparis'on b'etwoen a dryland and
an inu'igated sunflrower rcr'op gnown in 1982 at
Cordo.ba unid'eu' soil and cIùmati'c condritions
.typtcal of SolU,hern Sp,ain. I-,eraf area ,is a,ffiected
by water sttress \rier/ 'early in the d'eveloprnent
of the 'crqp and rnaxim,um I'eaf area index
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Fig, I - Leaf area index (LAI) and above-ground
dry matter production (TIM) of the cultivar Sungro
380 at Cor:doba, Spain under irrigated (I) and 'drylan'd

conditions (D) during the 1982 season

Not inaluded in the ef'f'ects 'of water rstress
di,scuLssed ab,ov,e, are those directJy aff'ecting
th'e repnodr.lcûive sink srize (infl'on'esoen'oe). By
r,edu,cing the numrbsr of gradns via impaired
pollination andlor floret abortion, water stress
d"in"ectty aff,ects yield rindependently rof the
effeots on dry mattrer aroournuilation. It 'is pos-
sible to evaluate sru,ch direct eff,scts by deter-
mining the harvest ùndex (HI) of the crop
whirch is thre ratio crf harvestable yielrd to the
t'otal biomass pro,duc'ed. The va.Iues stated in

(LAI) varlues \À/,er€ 3.14 and 4.87 fror the dt'y-
land and irnigated trop, rospectively.. Afterr
fùrowering, loaf sert'e'scenoe wâs hastened by
wat'er stress level,s irncnearsing in severity. The
I,sarf ar'ea dur'ation (LAD, th,e integnal of LAI
over firne) of the rdryland cnop was 'or;iry 4401s

df thâ,t oÉ the irrigated treatm'ent. The effesbs
o,f water stress on th'e LAI and LAD cvf the
dryland ,cnop noduced the arnount of radiaùion
intenaepted by the 'canopy. Sru'oh ndduction,
com,bi,neld with lower photosynthetic nates,
desneas,ed drnastrioally ttr,e ra,te o,f dry rnatter
aoou,rnulation (Fig. 1). The final ab,ove-gnomnd
biomass pro'duced,unrder rdrylan'd oondiitions
was 540/s of that pr,od'uroed when waterr w,as
not a limiting f,acton.
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Figrure 1 i'ndricate thart HI ,of the ,drylanrd crop
is Iess than that observed in the irrigated
tr'eatrment. Th,is means that, ,under the ,eondi-
tions rof the ,exp,e'riiment, wat,er str,ess had mor,e
d,ettrimental eff,e'cts ,on har.vestrabl,e vi,erld than
on itota,l,abo,ve-grr,o'und,b;iornass pn ordru,ction. The
re'du,ced se'erd oil ,aon ent usu,allv obser.ved in
dryliand 'cr,orps (Fig. 1) alrs,o ,continibut,es to the
ove'rall d'ere,r,eas,e in eco'no,mii,c yielrd oaus,etd by
W;ater StreSS.

How ,cân w,e imprlpye yieldrs undsr drytand
cronditi,ons ? It has 

-be,ern lâowrr ,s,in,c,e l,o,nâ a,g,o
that plants ad,apt to wat,er strêss and numé-
rouis ,resent studi,es (e.g. Hs,i,a o et ,a1., 1976 ;Mu;ssel and Stap1,es, 1g7g;Turnerr an,d
Kna,r-ner, 1980; arrd M,ont,e,ith anid.
We b,b, 1981) have rdres,srj.bed kev ,ryl,echanisms
respionsible f'or the adaptation oÎ coop plants
to water st"ress c,orld;itrio,ns. T ru r n e r (1 979)
has cl,assitftierd the rnechanis,ms of ad,aptatiron to
drr,ough ac,eording to their ,influ,ense ,oÀ dinough,t
escapie ,Or tol,enarr,oe. M,echanisrnrS 6rf id,nought
escape inclrud,e dovel,opmentra;l rplastricity and
rapid ph,enologiroal deve]ropm,ent and are effe,c-
tive in aLlowing the crqp to ,cro,rnplelte its liirfe
cycJ.'e befror,e seveine water ,stngss l,evels ir,ed,uc,e
yi'elrds frurthen. In rfact, avoritding 'd,r,ought has
be,en the mrorsrt sucroess'f,uù stnategy ursed in irm-
provrinrg the dnought res.istainrse ,of winter ioerêêl
cr,oprs (B e g g and T iu rr n e tr, 1976). Drought
e,scâpe m,echaniisrrns wh,ish ,con,tri,bute to adjurst
the rctrop l,if,e 'cy,c],e to the availrable water sup-
ply, anre mis{st, rus'eful. urnrder flrr,or€ rotr I,e,ss pre-
dictable dn ouight ,patterns wh,erre lrittù,e vaniation
c,an be 'exp,ected in the ,amrount ,of watrer avari-
lab,l,e to rthe cr,op.

Nurn'er'orus rnechan[s,ms of dir,omght t,oleran,ce
have be'en found ûn ,c-,rop ptrantJ (T ru r n e r,
1979). A,mong them ,th,e marinltenance of tungor
pressure thuro,ugh asrnoiti,c adjustment h,ars re-
ceived surbstantial atrtention g,e,oently (H s i a o,
Acevetd,o ,et â1., 1976; T;urner, 1g?g).
Other physioùogioal mechanisms panti,cipate,in
d,ehydrat'iton toleflan,cre iand ,in rnaintrainling high
nât'ers of ptr,otosyntih,osis 'unld,en water stress.
In_cLurd,ed ,arnong the m'erchanrisrnrs ,of driought
tolerâlnc€rr ,changes iin r,o,oting depth anid in root
iength d'ensity play arn ,irrnp,orntant ,nol.e in plant
adrapitation to dnought. It has ùong been known
that the shoot-rroot ratio decreases under waten
stress b,ecause p'oot growth d.,s il'es,s sens,itive
than is shoot growth to water deficitrs. Rapid
sub,soil iexplorati'on by rr'o,ots t,ends to imp,r,ôve
the shoot wâten rstartus in the rprqsence orf wateir
stness. It should be rploidt,eid o,ut, however, that
ex'c'essive r,oot pirroliferation mmder,condritions
of very li,mited wâ,trer ,supply may ,b,e detnti-
rnental to final yi,eld if ,alù ,of the av,ailable
water is transpifed by the cr,op b,ef,ore aom-
pleting its lif,e cycl,e (P â s ;s i o'u rr a, 1972).

Fr'o,m an ag'r:,onorn'i,C ,Viewprorint, drrOir.rght re-
sdstan'c'e lnreans the ,ma,iintenan'oe oif agOerptable
yiel'd levels ;r.rnder dnought. Desp'ite subst]nti,al
wo,rk, it is n,ot ,cleran how mo,st ,of t,h,e n-ne,ch,a-
nriisims d,escribed above inf,lu,e+noe onorp pr,oduc-
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flivily ,unden water stffiess. îhis is ,one rnaior
rg,?son why th'en e hrave b,een ,rel,atively f ew
eff,orts in b,reeding fror dnom,ght rssiistânrsè. It is
a,plparentt that drought nesistanoe ,is a nelati-
vely ,c,orrlplex f'eature p,f A,orop corrnmrunlity a,nid
it is not simple ,to ,evalmate how the various
me,cha.rr,-isms, whioh qperate at th,e ûissue or
orglan I'eve,I ,of org,al*i'zatii,on, are integrated ùn
d,etorimiining ,cr,op yield ,unider drought. Anrother
lirnitation rto breeding efforts has b,een the 'd,if-fiioultiers associated with rdevel,opring screenl,ng
t'e'chniques for,d,rought rriesista,nce rnechanlisms-.
Most teChniqru,es avaiùablre Untit r,e'eentùy are
too ,strow to rbe us,erd irn iscreenlng large popu-
Iations, thu,s rid,entifying genrotypic variàhifity
f,or mrosrt ch,aractens ûs not an e,asv task. Not-
withstanding the,above lirnitations,-several gro-
ups around the world have undertaken bree-
ding pr,oLgrâ{nmes ,fon drou,ght ir,es,irstan,ce in
rre,crent y,ears. rB ,1 ru rn (1 979), ,J ro r d a n and
Miller (1980) and Suttrivan antd Ross
(1979) have iprublished their ef,f,cxnts in ,bre'eding
sorghum f'or idr'ought rresûstran'oe. Othe,r crops
such as wheat;(Fiischerr anld Woo ds, ,1 g7g),
rice (Reynie{rS Eind Ja,cquro! 1978) and
p'eartr rrnillet (B d d i n g,s n, 1980) have b,een thre
subject ,of drnou'ght reslirstarn,oe studies in neùa-
tion ûo breeding. F i ,s ,c h e r (1981) hars propo-
sed two ,appnoaches to bneediing f,olr drought
resistan'c,e. One is t'he ",brlacrk hox" apprroaeh
wh,ere ,sc.r,eeniing ,i,s done sol.ely ,on the bàsis ,qf
y',ield }evelrs unden dnought. The ,other i,s aserd
on iden,bifying key rnrorrph'o-physiologiic'al trai,trs
and i,ncorporatling th,em into drought rresi:stant
cultivars. Bl,um (1 979) argues rthat inc,orp'o-
rating ,char"actEris whi,ch oonfer dnought res,irs-
t.an'c,e ,into high y,ieldring culrtivar,s should i,m-
pr,ove theirr pe'rfonrnance ;unrd,er dr,ought.

W,e have intiti,ated a brreed,iing prro'gir,amrne f,or
drought resis'tanoe ùn sunfl,ower at ,Coridro,ba, by
cornbining 'the identification an'd ,evalu,aûi,orn orf
spe'cific traits ne,sponsiible f,or dnoiughrt nes'is-
tà,n'c,e rantd rthe ,oveiraù']. y,i'e[d p'etrfofimanioe df
sunf ,ower unrdrer dnomght. Aspectrs of rou'r idi-
ti,al r,esultrs ,a,ne reiprorrte'd iin thiLs pap,er.

MATERIALS AND METHODS

An experiment to evaluate the performance
of 25 cultivars under dr,ought was c,arried out
,at Cordoba during 1981. Table 1 presents the
list of cultivars involved. The tvpical soils of
southwesteirn $pain on whiich " sunfùower is
gr,own rin a whe,at-s;unflrowgr rro'ta,titorn, are deep
vertisols with high water holrdirng c,apactity.
Annual ruinfrall is a,rorudd 650 rnrn ,faùlirnlg mos-
tly betw,een O,ct,ob'en anrd Apr,il. The experi-
mrent was condu,cted at the trNIA f'arrn rat Cor-
doba ,on a 'deep ailuvial soil of sândy loarm rtex-
tur,e with appnoxirnrately th,e same level ,of
ex'tr,acta.ble wa,ter in the ro,ot zone thran th,e
ve,r't'iBotls. Two ûneatm,ent{s \Mere im,posed with
four replicaûi,ons : ,a dryland and an i,rrclgated



season at cordoba
List of sunflower cultivars tested during the
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tre,atm,ent \Mheûe plants wer,e nevLer sh'ort of
water. Indiviidmal pùotrs wer,e 4 ,rn long anid s,ix
rro\Ms, 70 crm apart. Plranting rdate was 15 March,
1981 antd f,ourr weeks later the ,crop \71as thin-
ned t'o ab,o'urt 57,000 plants/ha.

Yield, hannest inrd,ex, yield oornponentls and
oil content werre measured in al1 25 cultivars.
In addition, 'in ,siix 'to 13 genotyrp,es, ,sro.iI \Mater
extnactiion by ro,ots, LAI an'rd LAD, I'eaf lvnter
potential ând detaiù,ed'inflcvr'es,oenoe develo,p-
ment \Mere foùlowed thrroughou,t thre growing
seiason uùrder drylanrd anrd ii'r.ri,gat'erd conrditions.

RESULTS AND DISCUSSION

The first e,uesti,on that rnusrb ,b'e ,answere,d
bef,o,r,e urlderrtraking any breeding ,sfforrf is
wh'etheir ther'e is genetic variiaLbiùrity in the ,cha-
ract,er to be imrp,roved. T,o evaluat'e ,the geno-
tyrpic veriabtility of 25 sunrflower ,cul,tivans in
res,ponise ,to 'drought, l.e hanve plotted in F,i-
gurpe 2, th,e results of the 1981 experim,ent. In
the hor,iz'ontal axis, the ,ratio of idnytrantd yield
to irrr.igatted (po,tential) yiield is ,indioated as ân
ov,er,all meâsure of rdir,ought nesistanoe. On the

.28 .32 ,36 .40 .44 .48 ,52
YD/YP

Fig. 2 - Relationship between yield under irrigated
conditions (YP) and the ratio between dryland yield
and irrigated yield (YD/YP) for 25 cultivars at Cor-

doba, 1981. For explanation see text

vertical axis, the irrig,ated yield ,is repre-
,sented as ,an estimate of 'the yield p'o-
tential of each cultivar. Overall seed yields
under dryland ,conditions varied between
1,000 and 1,800 kg/ha âs 'compared tto
yi,elids rof 2,700 to 4,400 kg/ha of inrrigated eon-
tn'ol,s. F,our iregions ane trhen depicted in Fi-
gune 2. R,eg,iou:r I has 'cultivans wiûh high yiel,d
potentia,l and low ,dr,ought resiistnncre. The Pri-
rn€ùsol hybrid iis 'one exrâ,rnpJe rof a,oufltivar brerd
in a high yLeliding environtrnent Which d'o,es not
perform well umd,er the wa.terr sfiress and high
ltempsç6tu[',e ,oonditiions of ,Soiuthern Spain.
Regiron II woul'd'tr,ave ,crulfivars which h,ave low
yield potential and low dr,ought r,esishanc,e ;

f ortunately very f ew ,ou,ltivars f e[[ in this
q:egrion. Regiron III in,ch.ld,es ,suLtivars v/rth htigh
dt'ought nresirstanoe but relativeIy low y'ie[d
potentrial. Typi'c,alrly,some sh,ort-s,eason types
f'el1 in thtis oategory. Finally, 'cultivars loc,atrEd
irn Regi'on IV have t'h,e hirghest nel'ative I'evels
of yieùd poterntrial an'd drlo'ught resistarlce anrd
str'ould be the rnos't desirrabL,e.

It is apparent from the nesults rp,resented irl
F,igure 2 th'at ther.e is ,subsûantiafi genotypirc
variabiùrirfy in the irersponse to drrought o'f the
25 cruLflivar,s ,exarmingd. Thp^refore, thre pnos-
percts f,or impro,viing the dLrought r,esistanoe of
sunflowen lo,ok go,od in rpr:inaiple. H,owever,
befcre a bpeeding programmie is developed,
mu,ch .m,ore ,should b,e knrovrn ab,out the nature
of the observed ,ilirfferences. In this rep'orrt, we
will fo'cu,s on the p,ossible differ,en,ces arnong
'culf,ivars in r'oot water extnaction ,and in bio-
rnrass pnoidu'ction runder drough,t.

Frigurne 3 pnesents th,e relation b,etween s'ea-
sonal evapotranspiination (ET) and the above-
ground ,b,i,omass pr,oduced by six 'cul.tivars inthe 'dryland rtr'eatment. Therre \Mqne no signifi.-
cant differencies âmong gen,o'typ'ss as the d,ata
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frr,om alù six ,c,ultivât's f'elù oar ra sômrnon f,egres-
sion liine. This sugg,ests .that there is no evi-
dence of genotypic ,dif,ferenoes in trra,qpirratiorr
effticiieurcy 

'(Ûhe amrount of biLo,mass pnroduoerd
per uni't water tkramrspired). The reoent nreview
by Tann er an'd Sin,c[air (1983) indicates
that there has been little 'or no i'rrr*provem'ent
in the ,transpiiration effûoi,eurcy ,of ,cnops sinoe
it was fïrst m'easurled by the 'en'd o,f l,ast oen-
tuty. There are str,ong theoreti,oal neasons to
believe thât, [n the shoq't nu,n, ,basic ,im1x,ove-
rn'ents ;in the a.mount of CO2 ga,ined rp'er unit
watterr trairspimed ar.e unlikely to oocur within
a given sp,ecles.
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Fig. 4 - Soil water content as a function of soil
depth for two sunflower cultivars at Cordoba, 1981

Azr X R23 and Contifùor in the dryland treat-
rment were 1,418 kg/ùra and 1,874 kg/ha, res-
peotively. Therefore, sel'edtion for deqp rrooting
antd complete subsoiL waterr ex,tnaictii,on ,is bene-
fiicial iin sunfl,ower ,und,er o,ur 'oonditi,ons of sig-
nifri'oant soil water hdldjin€ ,capacitries and a
h,igh ,pmohabiùity of refiùling the rsoiL proftile
eadh 5r,ear because ,of the su,bstantial winte,r
ra,infail.
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Fi.g. 3 - Relationship between evapotranspiration
(ET) and the above-ground biomass production at
Cordoba for six """ï:ifir"i,ittivars under dryland

trf rm'ost sh,o,ot 'charactemirstircs ,in r,elation to
drought resistânoe ar:e dif'ficult to eva[ruate, the
difficulties appear even m'ore hopeless in the
câse iof root system ,charnacienirsti,cs. However,
noots rru,rst p,lay an ,irnpodant notre ,in arll,evia-
ting the detrirnentel eff,ects of warter stness on
sunf,lower pnodm,c'tion. A good ,irldlireût me,thod
of ev,al,uating th,e ,o.veraill r,o,ot sys,tern F,erfor-
rnan,oe rin nesp,sr15e to d,r'ought ,i,s by deterrni-
ning its ,soil water extrraction capability. In the
absenoe ,of r,ain during the latter part of the
g-n'owing ,s'ea,son, as irt oocurs ,at Co'rtdob,a, any
rehanges iin rsubsoil rnoistune roan ,be attalibuted
'to root activity. Eigume 4 preserrrts tfrr,e i:ritial
and final soil water ,oontent as a f,unr*chion 'ofdepth f'or two ouùtivars nrepnesenting t'he two
extremes observed in this exper.iment. While
ttr,e cul.ûivar Azr X R4 depûeùed all extractabûe
water down t'o a d,epth of 120 ,crn, the aultivarr
Conûiflor used a,ll exûra,qtab,l'e \'\nâter rdown to
180 cm. Fur.th,errnonre, the sha,llow-r,ooted cul-
tivar ,drid not extract warber b,elow 180 cm whril,e
,cultivar C,ontiflo,r used aprpreci,able am,ounts
down ,to the trowest,depth ,rn-easuired of 270 cm.
The addtitiona,l subsoiil r,o'ot ractiviity of 'cuilttivar
Conti,flcrr nesurlted ,in ,the rrnaintenanoe of green
leaf, are,a und'er waûer stress ,conditionrs whùch
rind'r.r,ced 'oomplete sen'esoero'oe in cult]ivar Azr X
X Rzs 18 days befqre. The yields of cultivar
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VARIABILIT]tr GÉNÉTIQU.E DES CUI-TIVARS
DE TOURNESOL COIWME REPONSE

À ITA SECHE'RE.SSE

sol a varié de 1'80 à 27'B cm, avec l'épuisement de
I'exbrast"ion de rl'ea,u alocessirble jusqu'à la prof'ondeur
de 12,0 icm et r,espestivernent de 180 cm. Cet ess'ai

conduit en conditions de sécheresse a mis en évidence
l,es relations tres étroites en{tre llacfivité du système
racinairne, la pe'nsilsrtarlce de l'êtat aotif du feuillLage
et le rendernent.

VARIAB,ILIDAJD GEN'ETICA EN CULTIVAR,ES DE

GIR,ASOL EN RESPUtrSTA A IJA SEQ.UIA

Res{tmen

Se ha examirnaldo el corr4pontamiento de 25 culûi-
vares de gi'ra,sol en secano y niego en aornrdi'ciones
.arnlbientales serniaritdas de tilpo m,êditrerraneo. Se de-
terminarnon rendirniento, intdice de co;secha, cornpo-
nentes d,el rendirniento y una serie de indi'ce.s morfo-
fisi,olôgicro,s qme incluian hi'dric'o en hojas, inLdirce de
ârea fàl,iar, duraci6n de érea folirar y exbracciôn de
aqua del su,elo.

Se enoontrô una suistanc'i.al var'iabilidad ge'nética
entr,e c,u;l,tivares en rrespuasta a [a sequia. Los rendi-
mientos de semilla en condiciones de secar:,o variaron
entre 1 000 y 1 800 kg/ha en comparaci6n con tros

2 ?00 a 4 400 kglha o,b,ùenildqs en lds conrtroles rega-
cl,os. La relaciôn ;rendiimiento en se€anolrendirnientto
en regadio, usad.a oomo unra medrirdia de nesis'terrcia
a sequia, o'sc,i[6 entne 0,29 Y 0,50.

La capacidad de ex'tra'cciôn de aqnr,a del suelo fue
usada côrno m,étodo i,ndirrec'to ipara evalurar el pap'el
de[ sistema rradi'ouùar en resgruesta a ll,a seqruia. Bajo
aondircionss de secano, para 'dos cultivarers que repre-
sentan los extre,rnoF de este ex,perirm'ento, Ûa exf,rac-
ci6n de aqua del suelo se produjo hasta una pro-
fundùdad que orscilô entre 180 y 270 cm a'g'otarrd'o
ûoda el aqua extraibl,e hasùa 120 y 180 om rerspecrùi-
vamente.

Esta ac'tivi'diad nadicular en et subsuelo est'urvo

estrscha,mrente relacionada oorn el mante'ni'rniento'del
ârea foliar asf co,rno con el rnayor rendirniento bajo
condiciones de stress.

Résumë

On préserrte 1e comportement de 25 cultivars de
tounnesol ,essayés en cu[t'ure irriguée et 'non-irriguée
dans un ,clirnat rn'édiberranéen semi-aridie. On a éva-
trué le rnendement à l'hecrtare, l"i'ndice de rr'écolte, Ies
composantes du nenidemenô, le taux d'rh'uiùe' de rnêmre
que des caradtèr€s rnror:rpho-phyrsiologiques 'teils que le
potentiel de rretention de l'qau par les feuilles, la
Àurface 'ioliaire, la dtlrée de la persistance de l'état
actif du feuillage et l'aptfutude d'extrb;ire l'eau du sol.

Rela,tivement à la résirsta,rlcs à ,la séghenesse il y a
eu une grrande varialbi,lirté .entre l'es génotypes essayés.
Le r.endènnent en graines a eté de 1 000-1 800 kg/ha
en culture non-irriguée et de 2 700-4 400 kg/ha en
culture irriguée. Le rapport entre le rendement
enregistré .en culture non-irriguée et celui Lerxregistré

.n .ctdture irrigtlée ,neprésent'ant le ,princi,pal i'ndice
dlévraluation de-rla resiisÛance à la séche'reBse, a varié
de 0.29 à 0.50.

L'aptirbude d'extraire I'eau du sol a eté u,tiliisée en
tanb 

-que m,éthode i'nldirecte d'évalruaûiron de la ré-
ponse du système racinaire en ,condi;tions de séche-
iess,e. En cnritrtrure ,norn-irriguée, chez d,eux des formes
bi'ologiqtres es'saJrées qui répr'ersentent les extrêmes
de cèt essai, la profcrrndeu,r d'extrr'action de I'eau du




