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Drought effect on water relations and fruit yield in highbush blueberries.

Abstract — Introduction. The objective of our studies performed on the highbush blueberry
plant (Vaccinium corymbosum) was to analyse the effects of (i) a drought cycle on key phys-
iological processes, and (ii) moderate or strong water deficits on yield and harvest index.
Materials and methods. Water potential, embolism, transpiration, photosynthesis and stem
diameter variations were surveyed during a drought cycle and after rehydration (experiment 1).
Two week-long dry periods (moderate and strong water deficits) occurring at different phe-
nological stages (fruit growth, maturation and after picking) were analysed in relation to the
fruit yield (experiment 2). Results and discussion. Blueberry is highly sensitive to a water
deficit (i.e., stomata closure and decrease of photosynthesis occurred rapidly as water poten-
tial decreased); the rapid decrease of stomatal conductance efficiently restricts water loss and
thus water potential decrease, which prevents embolism occurrence; blueberry exhibits a good
recovery capacity after rehydration. The most critical stage was during fruit growth. A water
stress occurring between late May and late June strongly affected fruit production by decreas-
ing fruit size. Conclusion. Blueberries could be said to react quite “robustly” to water stress.
Nevertheless, to assure high yield, they should be watered regularly. Detailed physiological
studies (experiment 1) and more classical agronomics studies (experiment 2) were complemen-
tary to improve the species water relation knowledge and help cultural practices. © Editions
scientifiques et médicales Elsevier SAS

France / Vaccinium corymbosum / plant physiology / plant water relations / soil water
deficit / plant response

Fonctionnement hydrique du myrtillier arbustif et élaboration du rendement.

Résumé — Introduction. L'objectif de nos études conduites sur le myrtillier (Vaccinium
corymbosum) a été d’analyser (i) les effets d’'un cycle de sécheresse sur certains stades phy-
siologiques et (ii) ceux de déficits en eau plus ou moins forts sur le rendement et 'indice de
récolte. Matériel et méthodes. Dans une premiére expérimentation, le potentiel hydrique,
I'embolie, la transpiration, la photosynthéese et les variations du diametre de la tige ont été sui-
vis pendant un cycle de sécheresse, puis apres réhydratation. Une deuxiéme expérimentation
a permis d’analyser l'effet sur la production de 2 semaines de sécheresse, accompagnées de
déficit en eau modéré ou élevé et appliquées a différents stades phénologiques (croissance
du fruit, maturation et récolte). Résultats et discussion. Le myrtillier est trés sensible au défi-
cit hydrique, car la fermeture des stomates et la diminution de la photosynthése interviennent
rapidement lorsque le potentiel hydrique diminue. La baisse rapide de la conductance des sto-
mates réduit efficacement les pertes en eau, entrainant une diminution du potentiel hydrique,
ce qui prévient 'embolie des vaisseaux. Le myrtillier présente une bonne capacité de récupé-
ration apres réhydratation. La période la plus sensible a la sécheresse se situe pendant le gros-
sissement des fruits. L'application d'un stress entre fin mai et fin juin a de graves conséquences
sur la production des fruits, leur taille étant fortement réduite. Conclusion. Le myrtillier peut
étre considéré comme robuste vis-a-vis du stress hydrique. Cependant, pour donner de hauts
rendements, il devra étre arrosé régulierement. Les études physiologiques menées lors de la
premiéere expérimentation et celles, agronomiques, plus classiques, menées lors de la deuxieme
expérimentation ont été complémentaires pour approfondir les connaissances sur l'effet de
lirrigation sur I'espéce et ainsi aider 2 la conduite de sa culture. © Editions scientifiques et
médicales Elsevier SAS

France / Vaccinium corymbosum / physiologie végétale / relation plante eau / déficit
hydrique du sol / réponse de la plante
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1. introduction

Highbush blueberry (Vaccinium corym-
bosum), originating from the Great Lakes
region, in the United States, has been
domesticated by Coville in 1906 [1] and
introduced into France in 1980. These berry
bushes are of increasing interest to farmers
as a means of diversifying their production,
or even for single crop cultivation. The
blueberries under cultivation represent a
new fruit in France. Annual consumption is
only 2 g per person, compared to 500 g per
person in the United States and 200 g per
person in Germany. At present, 300 ha of
orchard can be found, spread mainly across
the Massif Central, the Landes, the Loire val-
ley, the Vosges and Sologne. Scientific
knowledge about this plant remains lim-
ited. This small-berry shrub is very rarely
subject to conditions of water stress. On the
contrary, major studies have dealt with
anoxia resulting from root flooding [2, 3].
But, when grown in France, it can be con-
fronted with such problems.

Few literature references contain data on
the water relations of that species [4-0].
Nevertheless, Byers and Moore’s [7] tenta-
tive application of cultivation coefficients
permitted irrigation scheduling. Likewise,
blueberry reaction in terms of gas exchanges
[8, 9] indicates that the shrub reacts to water
stress with sufficient recovery potential after
stress.

This study on the water relations of this
shrub was therefore conducted to provide
answers regarding the development of
highbush blueberry cultivation in Europe.
For this reason, the ministere de ['Agricul-
ture, de la Péche et de I’Alimentation is
financing a programme of training through
research animated by Enital (France) in col-
laboration with Inra? (France). This 5 year
research project aims at furthering under-
standing of the development and function-
ing of the vegetative apparatus of the high-
bush blueberry and its water relations, as
well as the technological value of the prod-
uct and optimum conservation of the fruit.
The work presented in this article concerns,
firstly, the description of water relations of
the bush under water stress conditions. We
then study the impact of given levels of
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water stress applied over a 20 d period (i.e.,
actual transpiration rate corresponding to
35% and 65% of the transpiration of control
shrubs) on fruit production at various veg-
etative phases in order to identify the most
sensitive stages during which irrigation is
particularly necessary.

2. materials and methods

Our trials used 9 year-old var. Bluecrop
blueberry bushes. Plants were about 1 m
high, grown in 25 L containers in a mixed
substrate composed of light peat (50%) and
calibrated maritime pine bark (50%), with
2 L of gravel at the bottom of each pot to
facilitate drainage. Plastic film was used to
cover the surfaces of the containers to limit
evaporation from the soil as completely as
possible and to improve accuracy of the
measurements of plant transpiration. Plants
were watered with an acidophilic nutritive
solution every 2 d. The weight at field
capacity moisture of each container was
determined prior to the running of the
experiments.

The experimentation focusing on the
effect of drought on water relations (exper-
iment 1) was run in a greenhouse at a “con-
trolled” temperature ranging from 20 to
30 °C by a cooling system. The experimen-
tation on sensitive stages for fruit produc-
tion (experiment 2) was run outside using
a mobile shelter which could be installed
over the containers in case of rain.

In experiment 1, a control group of six
bushes, kept at near field capacity weight
set to within approximately 1 kg of field
capacity weight to limit the risks of hypoxia
and leaching, was compared to six bushes
without watering during 11 d, which con-
stituted drought treatment.

In experiment 2, 30 pots were divided
into six groups of five pots each, each group
representing a specific treatment (fable I).
Three periods of water stress were chosen
with one or two levels of stress, depending
on the period. The “control” group was
conditioned as explained above. We
defined the level of stress in relationship to
the transpiration rate. The water supply was



Table I.

Drought effect on highbush blueberries

Description of three periods of water restriction applied to 9 year-old blueberry
bushes, with one or two levels of stress depending on the period (experiment 2).
Each treatment was composed of five repetitions.

Water stress period Phenological phase

Without restriction -
28 May—16 June Growth of fruit

18 June-7 July Ripening-maturing

10-29 July Picking

restricted so that the transpiration (T) of the
bushes corresponded to 65% or 35% of the
control group level.

Stress periods were determined in rela-
tionship to the various phenological phases
of highbush blueberries and on the basis of
preliminary experimental results [10]. At the
end of each drought period, the pots were
saturated with water and the plants regained
an unlimited supply of water. In both exper-
iments, daily transpiration of each bush was
established by weighing (Mettler scale:
accuracy to within 1 g for weights of up to
32 kg) and by measuring micro-variations
in the diameters of a few stems for each
treatment (Solartron sensor: accuracy to
within 1 wm) [11, 12]. Leaf water potential
was evaluated using a pressure chamber
[13] before sunrise (Wp edqawn) and at mid-
day, solar time (Yy;), every day in exper-
iment 1, and twice a week in experiment 2.

In experiment 1, complementary meas-
urements of hydraulic conductance were
made to characterize the plant vulnerability
to embolism and to identify any presence
of embolism under conditions of drought.
To do so, we used hydraulic determination
of embolism by measuring low pressure
water flow [14]. The vulnerability curve was
produced in laboratory by artificially drying
stems by pressurisation [15]. In addition,
measurement of leaf gas exchange (photo-
synthesis and transpiration) was made daily
between 13:30 and 15:30 using a LICOR
chamber (6400 model). This apparatus
makes it possible to create a standardised

Transpiration rate Treatment
(%)
100 C (control)
65 Sq
35 S1 +
65 S,
35 82+
65 S3

micro-climate around the measured leaf. In
our work, we used a leaf temperature of
29 °C, a leaf irradiance of 1500 pumol-m=2-s1,
a CO, concentration of 350 ppm, and a rel-
ative humidity between 75 and 78% (i.e., a
vapour pressure deficit about 1 kPa).

In experiment 2, the fruit yield of the var-
ious treatments were determined. The
numbers of floral buds per bush were
counted before the experimentation; buds
were then removed to give homogeneous
subjects for the treatments (same number of
flower buds per plant). Variance analysis
and a rank test (Newman-Keuls) were run
for yield components.

3. results

3.1. drought effects on water
relations and leaf gas exchange

The evolution in the predawn water
potential of the treated group in compari-
son to the control group showed differ-
ences between the two treatments, which
were significant after 5 d without watering
(figure 1a). The Ypreqawn ©f the treated
plants reached —0.8 MPa at the end of the
drought period.

The evolution of the yyy;,, was similar for
the two treatments and was strongly depend-
ent upon climatic conditions (figure 1b). Sig-
nificant difference between the treatments
was observable from the third day. It should
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Figure 1.

The effect of drought on blueberry water relations: evolution of

a) the predawn water potential,
b) the minimum leaf water potential

during a period of water shortage, compared for a control group of six blueberry
bushes, kept at near field capacity weight, and a drought treatment group
of six bushes without watering during 11 d (experiment 1).

The bars represent standard errors (n = 6).
S: beginning of water shortage for treated plants;
R: rehydration of treated plants.
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be noted that the yy;;, did not drop below
—1.4 MPa, but it remained at this value
while, simultaneously, the Yp.oqawn €ON-
tinued to drop. This behaviour, in which
the Yy, Was maintained, is typical of “iso-
hydric’ plants.

The evolution in stem diameter showed
that growth was rapidly affected by
drought, from the second day without water
(figure 2). The amplitude of contraction
rendered an account of the mobilisation of
plant water reserves. A large increase could
be seen in the amplitude of contraction for
the treated group, expressing a higher level
of mobilisation of plant water reserves.
Upon bush rehydration (R), these higher
levels of amplitude of contraction com-
pletely disappeared for a few days.

The net leaf photosynthesis, meas-
ured around 14:00 under standardised leaf
micro-climate conditions, decreased very
fast during the phase of water stress (fig-
ure 3). Eight days after rehydration (R) the
treated plants regained the same level of
photosynthesis as the control plants. In con-
trast, during the first 5 d following rehy-
dration (20 to 25 June), the level of photo-
synthesis remained very low. This behaviour
corresponds to the absence of growth on
the one hand and to the lack of amplitude
of contraction in stem diameter, mentioned
earlier, on the other.

When the daily relative transpiration
(transpiration of the treated group / tran-
spiration of the control group, over the
same period) is measured, transpiration of
the treated plants represented only 35% of
the transpiration of the control plants at the
end of the stress phase (figure 4). This level
of stress corresponds to that imposed in
experiment 2 (sensitive phases: high stress).
The plants were kept at this level of tran-
spiration for 15 d in experiment 2. It should
be noted that the plants returned to a rate
of transpiration near to that preceding the
pause in irrigation rapidly once the pause
had ended (7-8 d).

The evolution in embolism (percentage
loss of hydraulic conductance: LHC %)
obtained by pressurisation at various pres-
sures in laboratory made it possible to iden-
tify the cavitation threshold and to define



the evolution of conductance loss as a per-
centage. This curve (figure 5), which can
be qualified as merely “physical” (in the
sense that it does not denote the imple-
mentation of any physiological regulation),
shows that, in this species, embolism
increases very rapidly from —1.2 MPa. At
—1.2 MPa hydraulic conductance, loss of the
vessels was nil, whereas, at —=1.4 MPa con-
ductance, loss was at 50%. Above —2.1 MPa
embolism was total. The water potentials
obtained during stress were, thus, just at the
threshold of cavitation. Maintaining the
Wnin around the cavitation threshold made
it possible to protect the plant against strong
embolism. Stomatal regulation is, therefore,
very important for this plant since the
threshold of cavitation is reached rapidly.
The relative conductance evolution curve
compared to the potential (figure 5) dis-
plays the efficiency of stomatal regulation.
A very rapid decrease in relative stomatal
conductance could be observed whenever
the water potential dropped. The point of
intersection with the vulnerability curve
was observed for very low y values.

3.2. determination of sensitive
stages in yield elaboration

As a more in-depth analysis has already
been made [16], only global results on yield
analysis are presented for each treatment:
yield per bush, fruit quantities per bush and
average weight of a single fruit (table ID.
The most sensitive periods corresponded to
the phases of fruit growth (beginning of
June) and of ripening-maturing (end of
June). Moderate water stress (65% of the
control transpiration level) resulted in a
drop in yield. The most dramatic impact
took place during the period of ripening
under the strongest level of stress.

The quantity of fruit per bush remained
unchanged (figure 6b). The drought treat-
ment has no effect on fruit fall, but only on
fruit size. The effect of water stress was felt
mainly at the level of fruit filling, as it is
showed by the fruit average weight. This
point leads back to one of the previously
presented results: photosynthesis was
quickly affected whenever there was even
a moderate level of water stress.

Drought effect on highbush blueberries
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Figure 2.

The effect of drought on blueberry water relations: average evolution of stem diam-
eter for control plants without drought treatment and treated plants (experiment 1).
S: beginning of water shortage for treated plants; R: rehydration of treated plants.
The bars represent standard errors (n = 3) at midday, solar time.

Figure 3.

Evolution of net leaf photosynthesis at midday (solar time) under standardised
climatic conditions (29 °C, irradiance = 1500 umol-m2-s-1, C0, = 350 ppm,
vapour pressure deficit = 1 kPa) for both blueberry control plants and plants
without watering during 11 d (treated plants, experiment 1).

S: beginning of water shortage for treated plants;

R: rehydration of treated plants.The bars represent standard errors (n = 4).
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Evolution of daily relative transpiration

of plants without watering during 11 d (treated plants)

(i.e., transpiration of plants treated / transpiration of control plants, experiment 1).
S:irrigation pause for treated plants.

R: rehydration of treated plants. The bars represent standard errors (n = 6).

Figure 5.

The effect of drought on blueberry water relations: evolution in the percentage

of conductance loss (the bars represent standard errors; n = 6) and in relative
stomatal conductance (i.e., values measured on treated plants normalized

by values measured on control plants) as a function of water potential (leaf water
potential for stomatal conductance, applied pressure for the vulnerability curve).
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4. conclusion

In this study, we have shown that blue-
berries are highly sensitive to lack of water
and that this sensitivity is displayed notably
by rapid stomatal closure and, in parallel,
by a significant reduction in photosynthe-
sis. Regarding yield elaboration, no bloom
or fruit fall was observed, nor was any fruit
formation incident. The number of fruits
borne by each individual shrub did not sig-
nificantly differ between treatments. There-
fore, the yield component altered was the
fruit mean weight. Under moderate stress,
the decrease varied between 15% (S3: pick-
ing) and 25% (S;: growth of fruit) whereas,
under severe water restriction, it varied
from 30% (S;*: growth of fruit) to 40% (S,*:
ripening-maturing). Globally, it ensues that
the marketing value of production can be
significantly diminished by the reduction of
fruit size in direct correlation with the fruit
mean weight.

In contrast, the rapid stomatal closure
makes it possible for the plant to limit its
loss in water and, thus, avoid, in a large
part, embolism of its vessels. In fact, blue-
berries would appear to be quite vulnera-
ble to embolism, the cavitation threshold
being reached at only —1.2 MPa, but the
efficiency of their stomatal regulation pro-
tects them from both runaway embolism
and shrub drying. This behaviour was the
same as that which has been described for
oak trees [17, 18]. There was, hence, effi-
cient stomatal closure to protect the plant
against embolism. This behaviour is some-
what different from that of walnut trees [19],
in which embolism under conditions of
water stress are limited to leaf petioles,
thereby protecting the branches, as well as
from that of peach trees that are very inef-
ficient at closing their stomata and accept a
high rate of embolism in their branches
under drought conditions [20]. Furthermore,
highbush blueberry presents a good apti-
tude at recuperating following rehydration.
From this point of view, blueberries could
be said to react quite “robustly” to water
stress. Still, to assure high yield, they should
be watered regularly.

The other interest of this study is to show
the complementarity between detailed
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Table IL.
Effect of water stress on blueberry fruit production. The treatments C, S¢, S1+, S,, So+ and Sj are those
of the experiment 2, presented on table I.

Treatment Yield per bush Fruit per bush Single fruit weight
Average weight (g) % of control Number % of control Average weight (g) % of control

C ‘ 2921.8+89.44 a 100 3178.8+ 93.91 100 0.9246 + 0.02 a 100
S4 2279.4 +67.08 b 78 29832+ 49.19 94 0.7668 + 0.02 ab 83
Sq+ 2 030.2 +67.08 b 69 3225.4 + 178.89 101 0.6504 + 0.03 bc 70
So 2312.4 +67.08 b 79 3010.0 = 125.22 95 0.7752 + 0.01 ab 84
So+ 1490.6 +89.44 c 51 27058 + 53.67 85 0.5634 + 0.04 c 61
S3 2160.0 +44.72 b 74 2860.4 + 98.39 90 0.7692 + 0.02 ab 83
Significance ** = ns = *x =

+ standard errors with n = 5.

The different letters in a same column represent data with significant differences according to the Newman-Keuls test; ns, not signifi-

cant; **, significant with p = 0.05.

physiological studies (experiment 1) and [3] Davies FS., Flore J.A., Flooding, gaz
more classical agronomics studies (experi- E’,‘Cr?sngﬁ slnd g‘yd'aug‘; rO'Otl cg[nducnwty on
ment 2). In particular, an in-depth knowl- et L S
. LA (1986) 545-551.
edge of a species water relations is neces- '
sary to help cultural practices and improve [4] Andersen P.C., Buchanan D.W., Albrigo L.G.,
the production of the species, particularly Water relations and yields of three rabbit-eye
P blueberry cultivars with and without drip irri-
when quality criteria are sought. gation, J. Am. Soc. Hort. Sci. 104 (1979)
731-736.
[5] Davies F.S., Johnson C.R., Water stress,
acknow|edgements growth and critical water potentials of
Ravvitere Blueberry (Vaccinium asheiReade).
J. Amer. Soc. Hortic. Sci. 107 (1982) 6-8.
is s funded by the ministere
T,hlg ?Fley was i ef Y p ‘5 © [6] - Lareau M.J., Growth and productivity of high-
de I’Agriculture, de la Péche et de I’Alimen- bush blueberries as affected by soil amend-
tation, France. We would like to thank the ments, nitrogen fertilization and irrigation,
trainees who contributed to its progress: Acta Hortic. 241 (1989) 126-131.
bevc::rme More.y DOH]IHIQU? Pellisier, Sandrine [71 Byers L.P, More J.N., Irrigation scheduling
Tobianah, Claire Paganelli, Isabelle Gaumet, for young highbush blueberry plants in
along with Christian Bodet of the Biocli- Arkansas, HortScience 22 (1) (1987) 52-54.
matologie-PIAF joined unity. [8] Cameron J.S., Brun C.A., Hartley C.A., The
influence of the soil moisture stress on the
growth and gas exchange characteristics of
young highbush plants, Acta Hortic. 241
references (1989) 254-259.
) ) L [9] Erb W.A., Draper A.D., Combining ability for
[1] Mainland C.M., Frederick V., Coville’s pio- canopy growth and gas exchange of inter-
neering contributions to blueberry culture and specific blueberries under moderate water
breeding, In: 8t North American Blueberry deficit, J. Amer. Soc. Hortic. Sci. 116 (3) (1991)
Research and extension workers conference, 569-573.
May 27-29,1998, North Carolina University . )
[10] Tobianah S., Influence d’une contrainte

(Ed.), Raleigh NC, USA, 1998, 101-106.

[2] Abbot J.D., Gough R.E., Split-root water
application to highbush blueberry plants.
HortScience 21 (4) (1986) 997-998.

hydrique sur la croissance et la production de
fruits du myrtillier arbustif (Vaccinium corym-
bosum L.), mémoire de fin d’études, ISA
Beauvais, France, 1995, 53 p.

Fruits, vol. 54 (6)

429



430

T. Améglio et al.

[11] Huguet J.G., Appréciation de I'état hydrique  [16] Pellissier D., Le myrtillier arbustif. Incidences
d’une plante a partir des variations micromé- de stress hydriques, Enita, Clermont-Fer-
triques de la dimension des fruits ou des tiges rand, France, mémoire, 1996, 40 p.

Zuggg)u;zsd_emlz: journée, Agronomie 5 (8) [17] Bréda N., Cochard H., Dreyer E., Granier A.,
' Field comparison of transpiration, stomatal

[12] Ameéglio T., Cruiziat P., Daily variations of conductance and vulnerability to cavitation of
stem and branch diameter: short overview Quercus petraea and Quercus robur under
from a developped example, In: T.K. Karalis, water stress, Ann. Sci. Forest. 50 (1993)
Mechanics of swelling, Springer-Verlag 571-582.

Berlin, Heidelberg, RDA, NATO ASI Series,

Vol. H64, 1992, 193-204. [18] Cochard H., Bréda N., Granier A., Whole-tree

hydraulic conductance and water loss regu-

[13] Scholander P.F., Hammel H.T., Brads- lation of Quercus petraea during drought: evi-
treet E.D., Hemmingsen E.A., Sap pressure dence for stomatal control of embolism? Ann.
in vascular plants, Science 148 (3668) (1965) Sci. Forest. 53 (1996) 197-206.
SR, [19] Tyree M.T., Cochard H., Cruiziat P., Sinclair B.,

[14] Sperry J.S., Donnelly R.R., Tyree M.T., A Améglio T., Drought induced leaf shedding in
method for measuring hydraulic conductivity walnut: evidence for vulnerability segmenta-
and embolism in xylem, Plant Cell Environ. tion, Plant Cell Environ. 16 (1993) 879-882.
11 {888} 3540, [20] Améglio T., Cochard H., Picon C., Cohen M.,

[15] Cochard H., Cruiziat P, Tyree M.T., Use of Water relations and hydraulic architecture of
positive pressure to establish vulnerability peach trees under drought conditions, Acta
curves: further support for the air-seeding Hortic. (1998) 355-361.

hypothesis and possible problems for pres-
sure-volume analysis, Plant Physiol. 100
(1992) 205-209.

Funcionamiento hidrico del arandano arbustivo y elaboracién
del rendimiento.

Resumen — Introduccion. El objetivo de nuestros estudios llevados a cabo sobre el ardn-
dano (Vaccinium corymbosum) fue analizar (i) los efectos de un ciclo de sequia en algunas
fases fisiologicas y (iD) los de déficit de agua mas o menos fuertes en el rendimiento y el indice
de cosecha. Material y métodos. En una primera experimentacion, se sigui6 vigilando el
potencial hidrico, la embolia, la transpiracion, la fotosintesis y las variaciones del didmetro del
tallo durante un ciclo de sequia, y luego después de rehidratacién. Una segunda experimen-
tacion permitid analizar el efecto sobre la produccion de 2 semanas de sequia, acompanadas
de déficit de agua moderado o elevado y aplicados a diferentes fases fenoldgicas (crecimiento
de la fruta, maduracion y cosecha). Resultados y discusion. El arindano es muy sensible al
déficit hidrico, dado que el cierre de los estomas y la disminucién de la fotosintesis ocurre
rapidamente cuando el potencial hibrido disminuye. La baja ripida de la conductancia de los
estomas reduce eficazmente las pérdidas de agua, produciendo una disminucién del poten-
cial hidrico, lo que previene la embolia de los vasos. El ardindano presenta una buena capa-
cidad de recuperacion después de hidratacion. El periodo mis sensible a la sequia se sitGa
durante el engorde de las frutas. La aplicacion de un estrés entre finales de mayo vy finales de
junio tiene graves consecuencias en la produccion de las frutas, su tamano siendo fuertemente
reducido. Conclusién. El arindano puede ser considerado como robusto frente al estrés
hidrico. Sin embargo, para dar altos rendimientos, se tendrd que regar regularmente. Los estu-
dios fisiologicos llevados a cabo en la primera experimentacion y aquellos, agronémicos, mas
clasicos, desarrollados en la segunda experimentacion fueron complementarios para indagar
los conocimientos sobre el efecto del riego en la especie y asimismo ayudar al manejo de su
cultivo. © Editions scientifiques et médicales Elsevier SAS
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