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Abstract: Rootstock hydraulic propertiesare probably the keysto drought or waterlogging resistance. Thiswork evaluatesthe
effects of two rootstocks (110R, SO4) and two irrigation levels (ETO, 0,5 ‘ET0) on the hydraulic architecture of Tempranillo.
The experiment was carried out on potted plants near Barcel ona (Spain). Hydraulic resistance in trunks was measured by low
pressure method and using aHigh Pressure Flow Meter (HPFM). Thetrunks of Tempranillo grafted onto 110R showed alower
resistance than the ones grafted onto SO4. The grafting point showed ahigher resistance than the cultivar segment and the root-
stock segment. HPFM results were more consistent than low-pressure measurements.

Résumé: Le porte-greffe détermine en partie larésistance de lavigne ala sécheresse et al'asphyxie racinaire. Maislaraison
pour laquelle un porte-greffe déterminé confére cette résistance reste inconnue. Les propriétés hydrauliques desrecines et le
transport del'eau de celles-ci verslesfedilles sont probablement des & éments- clefs. L'objectif decetravall aéédévauer I'ef-
fet de deux porte-greffes et de deux niveaux dirrigation sur les caractéristiques hydrauliques de Vitisvinifera cv. Tempranillo.
L'expérience a été rédisée sur des plantes en pot, &gées de quatre ans a Cabrils, dans larégion de Barcelone, en Espagne. Le
cépage Tempranillo &ait greffé sur deux hybrides (110R et SO4) soumisadeux dosesdirrigation, correspondant 250 et 2100 %
del'ETO, au coursdetrois saisons. Larésistance hydraulique au passage de l'eau danslestroncs a été évaluée par laméthode a
basse pression, et par lamesure du flux a haute pression « High Pressure Flow Meter (HPFM) ». En général, lestroncs des
vignes greffés sur 110R présentent une résistance plus faible que ceux greffés sur SO4. Les caractéristiques hydrauliques des
différentes parties des troncs (au-dessus du paint de greffe, au niveau du point de greffe et au-dessous du point de greffe) ont
€été mesurées et anaysées séparément. Le point de greffe aprésenté laplus grande résistance au transfert del'eaul. Lesrésultats
obtenusavec latechnique HPFM ont éé plus homogenes et répétables que ceux obtenus avec laméthode a basse pression pour
touslestraitements et pour tous|es fragments delaplante. Les résultats sont discutés afin d'expliquer les réponses écophysio-
logiques de ces plantes et |esimplications agronomiques de ces résultats.

Key words: grapevine, hydraulic resistance, rootstock, grafting point

Mots clés: vigne, resistance hydraulique, porte-greffe, point de greffe

A version of this work was presented at the XIVth GESCO meeting, Geisenheim, Allemagne,
23-27 august 2005.

J. Int. Sci. Vigne Vin, 2006, 40, n°3, 133-139
*Corresponding author:tmp2104@irta.es -133 - ©Vigne et Vin Publications I nternational es (Bordeaux, France)



Felicidad de HERRALDE et al.

INTRODUCTION

Rootsaretheinterface between plant and soil. Plants
grow and develop from nutrient and water uptakein the
s0il. Then root characteristics play an important rolein
theway plants adapt to the environmental conditionsand
develop the aerid parts. Grapevines, epecidly in Europe,
are grown grafted onto rootstocks. Rootstock selection
isoneof themogt important factorswhen anew vineyard
isplanned. It would depend on many factorssuch ascul-
tivar affinity for therootstock, pests resistance, and adap-
tation to soil conditions of drought, salinity or
waterlogging, al depending on the geographicd situa-
tion of the vineyard and the climatic conditions. Dueto
the difficulties of working with root systems the know-
ledge on root is scarce. Frequently, rootstock characte-
ristics have been established more or lessempirically,
working with whole vinesin the vineyard. Thereforea
lot of work hasto be doneto improve the background on
the root functions. Most of the studies on root systems
have been performed in order to describe root growth and
turnover (Mullinset al., 1992). Those studies show how
rootsbasicaly grow fromjust before spring sprout up to
anthessand in asecond moment, after harvest and upto
lesf fall (Araujo and Williams, 1988). Root density and
distribution depends on the combination of rootstock and
cultivar and on the edaphoclimatic conditions (Southey
and Archer, 1988 ; Swanpoe and Southey, 1989 ;
Williams and Smith, 1991). The relationship among
growth ratesand water uptake has not been directly des-
cribed, but is clear that soil type, water availability and
vineyard management affect root distribution and the-
refore water uptake. Root and xylem hydraulic conduc-
tivity also play akey rolein plant water use efficiency.
Plant conductivity isthe result of xylem anatomy and a
combination of three different water pathways. gpoplas-
tic transport (Tyree 2003), Smplastic transport, and the
transcellular pathway trough aguaporins (Tyermanet al.,
2002). In some experimentsthe conductance of thewhole
root in vines (Peterlunger et al., 1990) or other species
(Ramosand Kaufmann, 1979) have been measured with
the pressure chamber method, but few of them have been
performed using theHPFM (Basileet al., 2003). HPFM
offersadvantagesin front of the pressure chamber method:
with the HPFM whole root systems can be measured fas-
ter than with the pressure chamber method, while they
are till within the soil, with independence of their size
and without disturbing them. Inthelast years someof the
knowledge about water transport has been described
for grapevines (Sperry et al., 1988 ; Schultz, 2003 ; Tyree,
2003 ; Schubert and Lovisolo, 2004). In particular, root
hydraulic conductance has been correlated to vigour,
growth and water use efficiency (Peterlunger et al., 1990).
Xylem anatomy (i.e. vessel length, diameter and distri-
bution) isakey point for hydraulic conductance (Tyree
and Zimmermann, 2002). In grapevines, leaf specific
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conductivity islower in noda segmentsthanin interno-
dal segments of shoots. The nodes could thus be regar-
ded ashydraulic congtriction zonesinthe stem (Salleo et
al., 1982). Grafting often can havelower hydraulic conduc-
tancethan the cultivar thus, it can reducethewhole hydra-
lic conductance, asit happensin grapevine (Bavaresco
and Lovisolo, 2000) or apple (Atkinson et al., 2003).

110R and SO4 are two widely used rootstocks with
different drought resistance, in general 110R has been
classified as drought tolerant while SO4 has been clas-
sified among the less drought resistant rootstocks
(Martinez et al., 1990 ; Pongréacz, 1983). Although,
Carbonneau (1985) classified agroup of 26 vine root-
stocks depending on their drought tolerance, using the
vaues of stomatal conductance multiplied by the total
leaf areg, and in that experiment he ascribed to SO4 a
73 % of the 110R values while the less drought tolerant
rootstocks had values only the 36 % of 110R, thus, he
classfied the SO4 asintermediate drought tolerant root-
stock.

Theaim of thiswork was to compare the effect of
110R and SO4 on the hydraulic resistance of wholevines,
submitted to two different water regimes. The experi-
mental efforts were focused in the relationship between
rootstock and cultivar and on the effect of the grafting
point as abottleneck in thistransport.

MATERIALSAND METHODS

The experiment was carried out during year 2004,
inIRTA Cabrils(41.5°N, 2.38%, 82 metershighfrom sea
level). We studied four years old vines (Mtisvinifera cv.
Tempranillo") grafted on 110R and SO4 and grown in
50L containers. During 2002, 2003 and 2004, the plants
had been submitted to two different irrigation doses (cor-
responding to 50 % and the 100 % of the cal culated
baance ETO - rainfal) from full bloom to harvest. During
therest of the year, theirrigation corresponded to the
100 % of the samebaancefor al plants. The doseswere
updated every three days from Cabrils weather station
data. 7 to 8 potted plants of each treatment (rootstock x
irrigation dose) weretaken to thelab. Each plant was cut
10to 15 cm below the graft. Immediately, root system
was connected to aHigh Pressure Flow Meter (HPFM)
(Dynamax Inc. Houston TX, USA). We performed atran-
sient messurement of whole root system hydraulic conduc-
tance (Kr) with the HFPM technique (Tyreeet al., 1995)
(seefigure 1 for details). Then, trunk wascut 10to 15¢cm
abovethegraft and we performed trang ent measurements
of the whole trunk hydraulic conductance, which isthe
paralel sum of the conductance of trunk below the gratf-
ting point (Krr), the grafting point (Ker), and the segment
of cultivar trunk over thegrafting point (Kcr) or the series
sum of theressances of thetrunk below the grafting point
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(Rrr), thegrafting point (Rep), and the segment of cullti-
var trunk over the grafting point (Rer). Just after this, the
same whole trunk was measured with the low pressure
method (LPFM) (Sperry et al., 1988). After this measu-
rement, the segment of cultivar trunk above the grafting
point was cut away and we performed atransent mea-
surement of the conductance of the remaining portion
(the Krr plusthe Ker). Finally the grafting union was
removed and the KRT was measured with both methods.
Onceal measurementswere obtained, we calcul ated the
inverse of K vauesto obtain the resistances (Rr: trunk
resistance, Rrr: rootstock trunk resistance, Rer: graf-
ting point resistance and Rer: cultivar trunk resistance
(MPasKg?)) and since Rr isthe sum of the resistance
of thedifferent segmentsin series (R = Rrr+ Rep + Rer)
we could cdculate each Single res sance for both methods

HPFM and LPM are both methods used for measu-
ring xylem hydraulic conductance. With HPFM water is
flushed into the sample with the pressureincreasing e a
constant rate from 0 to 500 kPa; water flows into the
sample and the gpplied pressure is measured every two
seconds. K isthen calculated as the dope of the plot of
the weter flow (¢) versusthe pressure (P),

K = 6'{LD(Kg-s" ‘MPa™)
dP

On the other hand, LPFM measuresK at very low
pressure (5 kPa) and water circulating through xylemis
messured gravimetrically. HPFM providesaquick mea-
surement of theK and wholeroot syssemsor whole plants
can be measured with thismethod, whichisnot possible
with the LPFM. Also, the HPFM minimizes the effects
of shootsand roots capacitance and the effects of changes
osmotic water potentid in roots (Tsudaand Tyree, 2000).
LPFM, though, ismore suitablefor measuring embolism.
In the case of trunk segments both methods can be used

and then compared. From the rootsto the cultivar trunk,
the conductance of the measured vine fragments (roct,
rootstock trunk, grafting union and cultivar trunk) are
arranged in parallel whileresistances arein series so
weexpressed dl resultsintermsof resstanceto Smplify
the calculations.

On 27th of August the root biomass of 4 plants per
trestment was measured. It was determined washing the
roots carefully with tap water and weighting after drying
them at 65 °C in an oven for aweek. Harvest was on
the 13th of September, in that moment we obtained yield
per vine (kgvine'l) in 4 randomly chosen plants. Leaf
areawas measured using aDIAS (Ddta T Devices). The
datigtical analysis of datawas conducted using the proc
GLM of the SAS System for Windows 8.02. Analysis of
variancewas used to tet rootstock and irrigetion effects.
Mean separationswere ca culated using aDuncan'smul-
tiplerangetest, P < 0.05, when appropriate.

RESULTS

Root hydraulic res sance measured with HPFM sho-
wed significant differences between rootstocks, but not
between water regimes, with 110R offering the highest
resistance to water flow (figure 2). We have found no
influence of theirrigation dosein root resistance.

On the contrary to what happened with theroot sys-
tem, RT waslower in 110R than SO4 (figure 3). Again,
there were no significant differences between water
regimes. Absolute values of Rt and Rr cannot be com-
pared because we did not messure thewhole shoot, only
thetrunk portion (figure 1), as a comparison with the
wholeroot system, but interms of genera behavior they
can be compared and contrasted.

From the three segments of the trunk that we mea
sured, no significant differences between rootstocks nor

Table! - Root biomass (g) and leaf area (m?) on August 27th, and yield (kgvine'l)
theday of harvest for thefour treatments: rootstock (110R and SO4) x irrigation dose (100% and 50% ETO).
Each vadueisthemean of 4 samples+ SE. Different lettersin the same column represent statistical differences (Duncan'smultiplerangetest,

P<0.05)

Biomasse delaracine(g) et surfacedefeuilles(m?) le 27 ao(t 2004 et rendement (kg-vinel) lejour devendange pour
chaquetraitement: porte-greffe (110R et SO4) x dosed'irrigation (100% et 50% ETO).
Chaqgue valeur est lamoyenne de 4 échantillons + S.E. Les différentes | ettres dans|améme colonne représentent les différences sta

tistiques.
Rootstock Imdg;‘:’" Root biomass (g) | Leaf area (m’) | Yield (kg-vine™)
110R 50% 580.72+52.11a 2.35+0.10¢ 1.18+0.32b
100% 617.74+59.26a 3.12:0.03a 3.50+0.18a
so4 50% 450.73+59.98b 2.18+0.06¢ 1.69+0.25b
100% 453.65+25.65b 2.81:+0.06b 4.10+0.6a
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Figure 1 - Drawing representing the organs
of vinewher e hydraulic resistance was measur ed.
Sh: shoot; T: trunk; Ct: cultivar trunk; GP: grafting point; Rt: root-
stock trunk; R: root.
Dessin représentant lesorganesdelavigne

ou on amesurélarésistance hydraulique.
Sh: brancheset sarments; T : tronc ; Ct : tronc du cultivar ; GP: point de
greffage; Rt : tronc desracines; R : racines.
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Figure3- Trunk hydraulicresstance, RT (MPa-stkg?)
for thefour treatments. rootstock (110R and SO4)
xirrigation dose (100 % and 50 % ETO).

Vaues are mean of 5-8 values for each trestment (rootstock X irri-

gation dose) and the bars represent standard error.
Résigance hydrauliquedu tronc, RT (MPaslkg?l)
dechaquetraitement : porte-greffe (110R et SO4)
x dosed'irrigation (100 % et 50% ETO).
Lesvaeurssont lamoyennede5 - 8 échantillons par traitement (porte-greffe
x irrigation) et les barres représentent I'erreur standard.
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Figure2 - Root hydraulicresisance RR (MPa-s1kg?)
for thefour treatments: rootstock. (110R and SO4)
xirrigation dose (100% and 50% ETOQ).

Each valueisthe mean of 7-8 samples and the bars represent the

standard error.
Résistance hydraulique desracinesRR (M Paslkg?)
dechaquetraitement: porte-greffe (110R et SO4)
x dosed'irrigation (100 % et 50 % ETO).
Chaguevaeur est lamoyenne de 7-8 échantillons. Les barres représentent
I'écart-type.
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Figure4 - Grafting point hydraulic resstance, RGP
(MPasstkg?) for thefour treatments: rootstock (110R
and SO4) x irrigation dose (100 % and 50 % ETO).
Vauesare mean of 5-8 valuesfor each trestment (rootstock x irri-

gation dose), and the bars represent standard error.
Résistance hydrauliquedu point de greffage RGP
(MPass1kg?) dechaquetraitement: porte-greffe
(110R et SO4) x dosed'irrigation (100% et 50% ETO).
Lesvaeurs sont lamoyenne de’5-8 échantillonspar traitement (porte-greffe
X irrigation), et lesbarres représentent I'erreur standard.
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Tablell - Coefficient of variation (% CV)
of theresistance values of trunk (T), grafting point
(GP), and cultivar trunk (CT) measured
with HPFM or LPFM on the same segments.

Coefficient devariation (% CV) delarésistance moyenne

du cultivar tronc (CT), le point de greffage (GP)
et letronc (T) obtenuspar HPFM et LPFM.

Rootstock Irrigation Plapt LPFM HPFM
dose fraction
CT 497 57
50% GP 46.1 32.7
110R T 38.1 37.6
CT 42.1 20.6
100% GP 21.8 26.4
T 22.1 18.2
CT 69.4 104.9
50% GP 60.9 23.6
T 58.6 345
SO4
CT 111 5.6
100% GP 93.8 442
T 90.9 295
000 -
7000 - v =17.63%-3376.23
R =097
GO0 A
—e—i
= 5000 - -
.',-2} b
£ 4000 A
E E
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Figure5- Lineal reationshipsof root biomass
(DW (@) vs. root hydraulicressance RR (M Pa:stkg?)
for thefour treatments: rootstock.

(110R and SO4) x irrigation dose (100% and 50% ETO).
Each valueisthe mean of 7-8 samples and the bars represent the
gtandard error. The dtraight linerepresentsthelinear regression bet-

ween the two parameters.
Corrédation linéale entrela biomasse desracines
et sarésistance hydraulique (RR) (M Pasl-kg?)
dechaquetraitement : porte-greffe (110R et SO4) x dose

d'irrigation (100% et 50% ETO).
Chague vaeur est lamoyenne de 7-8 échantillons. Lesbarres représentent
I'erreur standard. Ladroitereprésentelaregression linéraire entre les deux
variables.
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water regimes were observed in RCT or RRT, whereas
grafting point resistance RGP was significantly lower in
110R thanin SO4 (figure 4).

Leaf areaat the end of season and yield at harvest
were both significantly affected by theirrigation dose,
being always bigger the values corresponding to the
highest irrigation dose. Besidesthis, leaf areafor plants
grafted on 110R and sumited to the highest irrigation
regime was significantly higher than thoseintherest of
treatments (table1). On the other hand, root biomasswas
not affected by theirrigation regime but for the rootstock
effect; roots of 110R were significantly higher than roots
of SO4 (tablel).

We observed a significant positive correlation
(P< 0.05) between root biomass and whole root hydrau-
lic res stance measured with the HPFM (figure 5).

Hydraulic resstance of plant ssgments measured with
the HPFM and with the LPFM showed a significative
correlation (P< 0.05) (figure6). In order to comparethe
accuracy of the methods, we cal cul ated the coefficient of
variation (CV) for the results obtained in severa setsof
sampleswith both methods (table1).

DISCUSSION

In our experiment, 110R was the rootstock which
offered the highest root hydraulic resistance (figure 2).
According to literature (Martinez et al., 1990, Pongrécz,
1983), 110R confersto the grafted cultivar better resis-
tanceto water shortage than SO4. Galet (1985) also men-
tioned the 110R drought resistance, and Carbonneau
(1985) stated a better drought resistance to drought in
110R than SO4, but being the latter quitetolerant. Higher
hydraulic resistance may represent an advantage under
water deficit condition, allowing water saving, whereas
alower resistance can mean faster water depletion. This
adaptation mechanism alows plantsto survive drought
(Sperry, 2000 ; Comstock, 2002 ; Domec et al., 2004 ;
Trifilo et al., 2004). Xylem anatomy is partially deter-
mined by conditutive traits (genetics) and partidly asa
response to environment. Since we did not found
influences of theirrigation dosein root or trunk resis-
tances, but we did found differences due to rootstock
(figs. 2 and 3), wethink that changesin xylem structure
due to water stress have not occurred during the three
yearsof treetment. On the other hand, we found signifi-
cant differences between treatmentsin grape production
and totd |eaf area, being dways bigger for the biggest
irrigation dose (teblel). Irrigation dose affected the deve-
lopment of leavesand grapeshbuit it did not affect root and
trunk xylem structure. "Tempranillo', under mild drought
conditions showed a mechanistic response, reducing
growth and yield, but theimposed stresswas not enough
to modify xylem vessdl characteristics. We observed that
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Figure6 - Relationship between the hydraulic
resistance of the grafting point (RGP) (MPa-s1-kgl)
measur ed by both methods: High Pressure Flow

Meter (HPFM) and Low Pressure Method (L PM).
Each point in the graphic corresponds to the same sample measu-
red with both methods.

Relation entrelarésistance hydraulique mesur ée
au niveau du point de greffe (RGP) (MPa-s1kg?l)
par lesdeux methods: High Pressure Flow Meter (HPFM)

et Low Pressure Method (LPM).
Chaque point c'est le valeur pour laméme échantillon mesuré avec les deux
méthodes.

for these two rootstocks the bigger is the root the more
resistance it offersto water flow (figure 5). Hence, the
increase in hydraulic resistance is explained mainly by
the development of bigger roots, even when their growth
isredtricted by the container. Asit hasbeen exposed before,
the higher drought resistance known for 110R may be
dueto ahigher Rr. Thishigher resstancein combination
with abigger root volume (May, 1994) may explorebig-
ger soil volumes and give an advantageous adaptation to
the plant under dry soil conditions. Thisideaisasorein-
forced by thefact that V. berlandieri x V. rupestris crossss,
100R among them, are strong and deep growing and in
opposition to this, the SO4 is known to have a shalow
root system and to not adapt well to deep and dry sail
(Shaffer et al., 2004).

The absence of significant differencesamong 110R
and SO4in RCT or RRT leads usto the conclusion that
the Rer isthe respongiblefor the differencein Rr between
rootstocks. The grafting point isabottleneck in the water
trangport from rootsto shoots. It meansthat thisstructure
anatomy reducesthewater flow from rootsto stem, which
both havelower hydraulic resistance, asit has been des-
cribed by Bavaresco and Lovisolo (2000) and Atkinson
et al. (2003). In some casesis known that the calusthat
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isformed in the grafting point may promote the strangu-
lation of the cultivar along the threefirst years after the
plant. So the study of this structureisakey point for a
better knowledge of water transport in grafted cultivated
SpeECies.

The LPFM method iswidely used in measures of
embolism in shoots of different species (Tognetti et al.,
1998; Lovisoloetal., 2002 ; Vilagrossaet al., 2003). As
the correlation among the K measured with the HPFM
and with the LPFM is significative, we consider that
HPFM vaues are acceptableto measurethe K, eventhe
HPFM lightly underestimate the values of K in compa:
rison to those obtained with the LPFM (figure 6).

In general, coefficient of variationishigher inthe
results obtained with LPFM than in those obtained with
HPFM for the same group of samples. Thevariability due
to plant material must be the samein both set of resullts,
as the samples measured are the same; then, the diffe-
renceinthe CV among methods must be dueto the accu-
racy of the method. This indicates that HPFM method
producesless experimentd variability than LPFM method
(tablell).

CONCLUSIONS

Fromdl these resultswe concluded that root hydrau-
lic resstance isavery important and determinant point
for the regulation of vinewater relations. Grafting point
offersa high resistance to water flow from roots to cul-
tivar that can be abottleneck to evapotranspirative flow.
Inthisway we go onworking to increase the knowledge
about the effects of interactive actions among hydraulic
resistance, biomassand other root properties and mecha-
nismswith vine water baance, and the effects of grafting
point over al this parameters.
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