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a b s t r a c t

Pistachio cultivation requires the use of rootstock because grafting is the only form of vegetative propaga-
tion. The main commercial rootstocks are Pistacia integerrima L., Pistacia atlantica Desf., Pistacia terebinthus
L. and Pistacia vera L. Pistachio is considered to be a drought and saline-resistant crop; however, there is
little information describing varietal responses of rootstocks to water stress. Some studies have suggested
that P. terebinthus L. is the most drought and cold resistant rootstock. The effect of the rootstock on the
water relations of the grafted plant is crucial for improving crop performance under water stress condi-
tions and for developing the best irrigation strategy. This work studied the physiological response to water
stress of pistachio plants (P. vera L. cv. Kerman) grafted onto three different rootstocks P. terebinthus L., P.
atlantica Desf. and a hybrid from crossbreeding P. atlantica Desf. × P. vera L. Plant physiological responses
were evaluated during a cycle of drought and subsequent recovery in potted plants. Parameters mea-
sured were soil moisture, trunk diameter, leaf area, leaf number, leaf and stem dry weight, stem water
potential, leaf stomatal conductance. The results showed different responses of cv. Kerman depending on

the rootstock onto which it had been grafted. The hybrid rootstock was associated with a higher degree
of stomatal control and reduced leaf senescence compared to P. atlantica and P. terebinthus, despite being
associated with the most vigorous shoot growth. P. terebinthus enabled very effective stomatal control
but was also associated with the most rapid leaf senescence. P. atlantica was associated with less vigorous
shoot growth and similar levels of water stress as occurred with the others rootstocks under conditions
of high evaporative demand, which was associated with lower stomatal control. The selection of the most

for d
effective rootstock choice

. Introduction

Pistachio is an important crop in Iran and USA, which are the
ajor world producers, while in other countries it is becoming an

nteresting alternative to traditional crops. In the Mediterranean
egion, uncertainty about the future of economic support from the
uropean Union to traditional crops, such as olive and vineyards,
nd the use of low fertility soils for agriculture has resulted in a
arge increase in the area planted with pistachio. In Spain, the total
lanted area was almost negligible in 1990, and currently is about

000 ha. While the production in Turkey (third world producer) has
een steady during the last 15 years, in Greece it has increased from
000 t in the early 90s to 9000 t at the beginning of the twenty-first
FAOSTAT, 2007).

∗ Corresponding author. Tel.: +34 954 487748; fax: +34 954 486436.
E-mail address: amoriana@us.es (A. Moriana).

304-4238/$ – see front matter © 2010 Elsevier B.V. All rights reserved.
oi:10.1016/j.scienta.2010.05.026
ifferent environmental conditions is discussed.
© 2010 Elsevier B.V. All rights reserved.

Pistachio is considered as a drought and saline-resistant crop
(Behboudian et al., 1986; Rieger, 1995), and in the Mediterranean
basin it is mainly grown under rain fed conditions. However, as with
other tree species, irrigation increases yield. In pistachio, irriga-
tion also improves nut quality (higher percentage of splitted nuts)
and dampens the alternate bearing pattern (Kanber et al., 1993;
Goldhamer, 1995). The benefits of irrigation in this crop may be
higher than in others crops; however, there is a requirement prop-
erly quantify these responses. The good performance under dryland
conditions and the favourable response to irrigation are very impor-
tant considering that water is a scarce resource and in the future
only the most efficient agricultural systems are likely to receive
inputs of irrigation water (Fereres et al., 2003).
Pistachio cultivation requires the use of rootstocks, and graft-
ing is the only form of vegetative propagation. The main pistachio
rootstocks are Pistacia integerrima L., Pistacia atlantica Desf., Pistacia
terebinthus L. and Pistacia vera L. The most used rootstock in Iran
is P. vera L., in the USA is P. integerrima L. and a hybrid between P.

dx.doi.org/10.1016/j.scienta.2010.05.026
http://www.sciencedirect.com/science/journal/03044238
http://www.elsevier.com/locate/scihorti
mailto:amoriana@us.es
dx.doi.org/10.1016/j.scienta.2010.05.026
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ntegerrima and P. atlantica Desf. (UCB), and in the Mediterranean
asin is P. terebinthus L. Most scientific studies with pistachio trees
ave been done with varieties grafted onto Californian commer-
ial rootstocks, such as P. atlantica Desf., UCB and P. integerrima
. There are few reported studies comparing different rootstocks.
erguson et al. (2005) reported that P. terebinthus L. was the most
rought and cold resistant rootstock, while P. integerrima L. was
usceptible to frost but tolerant to verticillium. P. atlantica, which
as once one of the most popular rootstocks in California, has been
iscarded in many places because of its high susceptibility to ver-
icillium (Ferguson et al., 2005). Nowadays, UCB is considered the
est commercial rootstock under irrigation (Ferguson et al., 2005).
ermana (1997) comparing different rootstocks observed that P.
tlantica has higher transpiration and photosynthetic activity than
. terebinthus, particularly in stressed plants, which could make it
ore susceptible to drought stress. Guerrero et al. (2003) found

o rootstock effect on production when comparing P. terebinthus
., P. integerrima L., P. atlantica Desf. and P. vera L. under rain fed
onditions.

In other woody crops, the use of rootstocks is optional; they
ay be grown without rootstock, and they are mainly used because

f improving some of the cultivar characteristics as tree size,
rop yield or yield quality. Different studies on apple (Olien and
akso, 1986; Cohen and Naor, 2002) and peach (Weibel et al.,
003) showed that specific rootstocks had an important influ-
nce on vegetative growth rate. Solari et al. (2006) confirmed in
each that rootstock effects on the tree water relations and veg-
tative growth are derived, at least partially, from differences in
he tree hydraulic conductance associated with specific rootstocks.
n addition, several hypothesis reviewed by Rogers and Beakbane
1957), Lockard and Schneider (1981) and Webster (1995) suggest
hat rootstock can affect vegetative tree growth through hormonal
ffects (Kamboj et al., 1999), mineral nutrition (Jones, 1971) or
ater status (Olien and Lakso, 1986).

The pistachio response to water stress has not been adequately
haracterized. There are few works studying the water relations of
his species. Behboudian et al. (1986) subjected potted pistachio
lants (P. vera L. cv. Kerman grafted on P. atlantica Desf.) to water
nd saline stress and reported some photosynthetic activity even at
idday stem water potential ( x) between −5 and −6 MPa. In this
ork, they concluded that the stress response of pistachio plants
as better than some other fruit trees and other typical xerophytes

pecies (Behboudian et al., 1986).
In recent years, a breeding program has been developed to

mprove pistachio rootstocks at El Chaparrillo Research Station,
iudad Real, Spain. This program is being conducted using two
echniques: first, crossings have been made between traditional
ootstocks, and second, germplasm from different areas of Castilla-
a Mancha (central Spain) and northern Andalucia (southern Spain)
as been collected to be used in the breeding program (Guerrero
t al., 2003). At present, the most promising individuals are being
ested. One of the best rootstocks obtained in this program is the
econd generation, open-pollinated seed crossing Pistacia atlantica
esf. × Pistacia vera L., which shows a high vigour (Guerrero et al.,
007). This is the rootstock referred to as ‘hybrid’ in current study.

nitial assessments of collected germplasm have shown differences
epending on the area they come from, the one from Calzada de
alatrava (Ciudad Real, Spain) showing the highest vigour. This
ermplasm has been used in our previous testing to establish the
haracteristics of P. terebinthus as a rootstock (Guerrero et al., 2007).

As pistachio is planted in Spain mainly in dryland areas, the

ffect of rootstock in the cultivar response to water stress under
hese conditions will be of major importance. Rootstock effects are
mportant for both physiological responses of the shoot variety and
ts productivity. The objective of this work was to study the effect of
hree different rootstocks (P. terebinthus L., P. atlantica and a hybrid
lturae 125 (2010) 666–671 667

from the crossbreeding of P. atlantica × P. vera) on the physiological
responses to water stress of pistachio plants (P. vera L. cv. Ker-
man). Plant responses were evaluated during cycle of drought and
recovery.

2. Materials and methods

2.1. Site description and experimental design

The experiment was conducted during the summer of 2007 at La
Entresierra Research Station, Ciudad Real, Spain (3◦56′W–39◦0′N;
altitude 640 m). One-year old pistachio plants (P. vera L. cv. Kerman)
grafted onto three different rootstocks, P. terebinthus L., P. atlantica
Desf. and a hybrid from the crossbreeding of P. atlantica × P. vera
(hereafter referred to as ‘hybrid’) were used. The hybrid was
obtained in the breeding program at the El Chaparrillo Research
Station. Thirty plants were planted in the spring of 2007 in 50 L
pots filled with a mixture of gravel, sand and peat (5, 80 and 15%
respectively), and placed outdoors. The experiment took place from
“day of the year” (DOY) 190 until DOY 225. Reference evapotran-
spiration (ETo) was calculated according to Allen et al. (1998), and
rainfall data were obtained from a nearby (aproximately 500 m)
meteorological station.

The experimental design was a completely randomized split
plot design with 5 replicates. The main factor was the rootstock
and the secondary factor was irrigation. The irrigation treatments
were full irrigation (Control) and no irrigation (Stress). The different
combination of the two factors will be named as follows:

• P. terebinthus-Control (PTC)
• P. terebinthus-Stress (PTS)
• P. atlantica-Control (PAC)
• P. atlantica-Stress (PAS)
• Hybrid-Control (HC)
• Hybrid-Stress (HS)

From DOY 190, the control and stressed plants were drip irri-
gated until slight drainage occurred. Each pot had 4 drippers
(4 L h−1) and was irrigated every afternoon. To determine pot
weight at field capacity, all pots were weighted early in the morn-
ing, always at the same time, at least three times per week (Monday,
Wednesday and Friday). In plants subjected to water stress, irri-
gation was withdrawn from DOY 204 until 218 when they were
re-watered to study re-hydration. Once the stress period was com-
pleted, pots were re-watered up to field capacity. The weight at field
capacity at the end of the experiment was different to that at the
beginning of the experiment, probably due to the decreasing water
retention capacity of the peat as it dried out. Soil moisture mea-
surements were taken at 10, 20 and 30 cm depth with a portable
capacitance probe (Diviner, 2000, Sentek Pty. Ltd., Australia) placed
approximately 15 cm away from the stem. As the results were sim-
ilar to those obtained by the weighing method, only the latter will
be shown in Section 3.

2.2. Measurements

Trunk diameter was measured in all plants once a week with a
digital gauge, 1 cm above the grafting point. Measurements were
taken early in the morning, from 183 to 225 DOY. At the end of
the experiment, leaf area (LA) data were obtained using a leaf

area meter (LI-3100C, Lincoln, Nebraska, USA), and leaf and stem
biomass was determined drying the plant organs in an oven at
70 ◦C until constant weight. Prior to each biomass determination,
visual leaf damage caused by water stress was visually evalu-
ated on a scale of 1–5. Value 1 corresponded to leaves without
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(1.40) than P. terebinthus (1.25), differences were not significant.
Water stress affected trunk diameter earlier in PTS and HS than

in PAS, showing a decrease in the slope of TD/TDi with time in rela-
tion to well-watered plants with the same rootstock. However, it
was only at the end of the stress period (218 DOY) when signifi-
ig. 1. Rainfall and reference evapotranspiration (ETo) during the experiment. The
wo vertical lines represent the water stress period.

ilting symptoms, value 3 to when 50% of leaf surface pre-
ented wilting symptoms and value 5 indicated leaves completely
ilted.

Stem water potential (�x) was periodically determined, six
easurements were made throughout the experiment to evalu-

te plant water status. Fully expanded leaves were covered with
luminium foil at least 1 h before measurement, and �x deter-
ined at midday using a pressure chamber (Soil Moisture Equip.,

anta Barbara, CA, USA). Each time, one leaf per plant and per repli-
ate was used. Abaxial leaf conductance (gs) was measured with
steady-state porometer (LICOR-1600, UK) between 12:00 and

4:00 local time, on the central leaflets of the composite leaf. Mea-
urements were taken in all plants (two measurements per plant)
n fully expanded leaves receiving direct sunlight, three times a
eek throughout the experiment.

Vapour pressure deficit (VPD) was calculated from data of a
eteorological station around 500 m from the place where the

xperiment was performed.

.3. Statistical analysis

The main effects of the two factors were examined by ANOVA
nd means were compared using the test of Tukey, with a signifi-
ance P < 0.05. Significant differences are identified with different
etters. The Statistix 8.0 (Analytical Software, USA) was used for the
tatistical analysis.

. Results

.1. Evapotranspiration and plant water requirements

During the experimental period (DOY 190–225), ETo ranged
rom 5.3 to 8.5 mm d−1. During the water stress period (DOY
04–218), except on day 212, ETo was more steady, with values
round 7 mm d−1 (Fig. 1). Precipitation was low, just two events
ere recorded on day 216 (0.7 mm) and day 217 (5 mm) at the

nd of the stress period (Fig. 1). The pots had an initial mean
eight of 58 kg (100% in Fig. 2) when the soil was at field capac-

ty, and those of the stressed plants lost on average 17.8, 17.0 and
0.5 kg (PTS, HS and PAS, respectively) from the beginning of the
xperiment to the time of maximum stress (DOY 218; Fig. 2). The
ecovery of the soil water content was very fast. Two days after the
eginning of the rehydration, PAS pots recovered 94.7% of their ini-

ial weight, followed by the HS (91.6%) and PTS (90.4%) (Fig. 2).
fter a week, the 3 rootstocks had recovered almost their ini-

ial weight: 97.7, 96.3 and 95.7% (PAS, HS and PTS, respectively)
Fig. 2).
Fig. 2. Pot weight throughout the experiment as a percentage of the weight at field
capacity, for all groups. Each point represents the mean of 5 measurements. The two
vertical lines represent the water stress period. Bars represent the standard error.
(�) PAC; (©) PAS; (�) PTC; (�) PTS; (�) HC; (�) HS.

3.2. Plant biomass and trunk and leaf growth

Trunk diameter increased with time in all water treatments and
rootstocks. Fig. 3 shows the values of the trunk diameter as a frac-
tion of the diameter at the beginning (TD/TDi) of the experiment
for each treatment and rootstock. When plants were well irrigated,
there was no effect of the rootstock on the diameter trunk growth.
Although P. atlantica and the hybrid showed higher final values
Fig. 3. Seasonal pattern of the trunk diameter as a fraction of the initial value
(TD/TDi), for the three rootstocks and two water treatments. Each point is the aver-
age of 5 measurements. Bars represent the standard error. (�) PAC; (©) PAS; (�)
PTC; (�) PTS; (�) HC; (�) HS.
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ig. 4. Leaf area for all the rootstock and water treatments at the end of the exper-
ment (DOY 225). Data are the averages of 5 replicates. Bars represent the standard
rror. Different letters indicated significant differences between control and stress
reatment in each rootstock (P < 0.05; Tukey test).

ant differences were found among rootstocks, with smaller TD/TDi
alues in PTS than in PAS and HS.

The response of plants to re-watering on DOY 218 was faster
n PAS and PTS than in HS, although all the rootstocks showed no
ignificant differences between control and stressed plants at the
nd of the rehydration period.

Another parameter that characterises growth is leaf area. In con-
rol conditions, PTC and HC showed a significantly higher leaf area
han PAC. Differences between PTC and HC, even though the hybrid
as approximately 30% higher, were not statistically significant

Fig. 4). Water stress mainly affected leaf area development of PTS
nd HS, producing significant reductions in leaf area of both these
reatments. The largest leaf area decrease occurred in the HS, being
bout 50%, while in PTS it was 32%. On the contrary, there was no

ignificant effect on leaf area development in PAS, with differences
etween the control and stress treatments being only 6%.

Fig. 5 shows the final leaf number as a fraction of that at the
eginning of the experiment (LN/LNi, Fig. 5a) and the leaf dry
eight and stem dry weight (Fig. 5b) at the end of the experiment

ig. 5. (a) Leaf number as a fraction of the value at the beginning of the experiment
LN/LNi) and (b) leaf and stem dry weight (final leaf DW and final stem DW, g/plant)
t the end of the experiment for all the rootstock and water treatments. Data are
he average of 5 replicates. Bars represent the standard error. Symbols are indicated
n the figure. Different letters indicated significant differences between control and
tress treatment in each rootstock (P < 0.05; Tukey test).
Fig. 6. Values of the visual symptoms of water stress (1 = no symptoms; 5 = 100%
wilting surface) for all rootstocks and water treatments. Data are the average of 5
replicates. Bars represent the standard error.

for all the rootstocks and water treatments. LN/LNi was calculated
in order to avoid the effect of the variability in leaf number among
plants at the beginning of the experiment on the possible differ-
ences between water treatments at the end of the stress period.
It was not possible to use the same approach for leaf and stem dry
weight as it involved destructive measurements. As it was observed
in leaf area, in the control treatment, HC and PTC showed signifi-
cantly higher leaf and stem dry weight than PAC (Fig. 5b), while
the ratio LN/LNi was similar for all the rootstocks. Water stress
resulted in a significant reduction in LN/LNi in PTS and HS, but
not in PAS (Fig. 5a). PAS also showed similar values of final leaf
and stem dry weight than PAC. However, although leaf and stem
DW of stressed plants of the hybrid were lower than those of con-
trol plants, the differences were not statistically significant, which
was probably due to the initial variability of this parameter among
plants. The response of PTS plants to water stress was intermediate,
with leaf DW being affected but not stem DW, although once again
the differences were not statistically significant (Fig. 5b).

There were no significant differences among rootstocks in visual
wilting symptoms of stressed plants, although it seemed that PTS
was more affected than PAS and HS, with mean values of 2.5, 1.8 and
1.6 respectively (Fig. 6). Surprisingly, for each rootstock, although
stressed plants showed higher wilting damage values than con-
trol plants, differences were not significant according to the scale
chosen, as high variability was found among plants of the same
treatment.

3.3. Water relations

Fig. 7 shows the time course of �x throughout the experiment
for all the rootstocks.�x ranged from −0.6 to −1.45 MPa in control
plants, and from −0.87 to −3.8 MPa in stressed plants. The effect
of water stress on �x was not detected until DOY 211 as signifi-
cant differences were not found neither between water treatments
nor rootstocks on day 208, 4 days after the beginning of the drying
cycle. However, water treatment–rootstock interaction was signif-
icant on day 208 showing lower �x values for HS and PTS than
for PAS. The minimum values of �x were reached on DOY 218 (10
days after the onset of water stress), PTS and HS rootstocks show-
ing significantly lower �x than PAS, being respectively −3.35 and
−3.04 MPa, and following the same pattern as in previous dates.
Following, the final measurements on DOY 218, plants were fully
irrigated and the recovery began. Only 2 days later (DOY 220) PAS
was fully recovered from the stress, while PTS and HS had recovered

90% and 81% of the �x measured in the respective control plants
that day. At the end of the experiment (DOY 225),�x values in PTS
and HS were 93% and 91% of that of their controls, respectively.
These differences between values of recovered and stressed plants
were not statistically significant.
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Fig. 7. Seasonal pattern of the stem water potential (� x) and VPD (dotted line)
during the experiment. Each point is the mean of 5 measurements. The two vertical
lines represent the water stress period. Bars denote the standard error. Asteriks “*”
represent significant differences between rootstock in the stress treatment (P < 0.05;
Tukey test). (�) PAC; (©) PAS; (�) PTC; (�) PTS; (�) HC; (�) HS.

Fig. 8. Seasonal pattern of the stomatal conductance and VPD (dotted line) during
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eter to water stress in P. atlantica compared to P. terebinthus and the
he experiment. Each point is the mean of 10 measurements. The two vertical lines
epresent the water stress period. Bars denote the standard error. Asteriks “*” rep-
esent significant differences between rootstock in the stress treatment (P < 0.05;
ukey test). (�) PAC; (©) PAS; (�) PTC; (�) PTS; (�) HC; (�) HS.

Stomatal conductance (gs) in control plants ranged from 149 to
26 mmol m−2 s−1, showing no differences between rootstocks for
ach date of measurement (Fig. 8). Water stress affected gs in all
ootstocks, with PAS once again being the rootstock less affected,
ollowed by HS and finally PTS. Differences in gs were significant on
ays 211, 213 and 215, with values for PAS being higher than those
f PTS and HS. The minimum gs values during the stress period
ere observed on DOY 215, 7 days after the beginning of the dry-

ng cycle, being 136.8, 33.9 and 62.8 mmol m−2 s−1 in PAS, PTS and
S, respectively. Two days after rehydration (DOY 220), stomatal
onductance was fully recovered in PAS at levels even higher than
he control plants in some cases. However, gs in PTS and HS was
nly 67.7% and 68.6% of that in control plants. On DOY 225, 1 week
fter the beginning of the recovery, gs in PTS and HS was already
6% and 93.5% of the values measured in control plants.

. Discussion

The three different rootstocks studied in this work induced a
ifferential response of growth and water relations in the culti-

ar Kerman, both under well watered (control) and water stressed
onditions. In the absence of water stress, the hybrid rootstock pro-
oted higher vegetative growth in the shoot variety than the other

wo rootstocks, especially P. atlantica, with a larger leaf area and
lturae 125 (2010) 666–671

total biomass (Figs. 4 and 5). This greater growth during the ini-
tial stages, which was most marked with the hybrid, resulted in
different plant size at the beginning of the stress period for the
three rootstocks studied. Fig. 2 characterizes these differences very
well, showing a much higher water use during the drying cycle
for both P. terebinthus and the hybrid compared to P. atlantica.
These results are the opposite of those obtained by Ferguson et
al. (2005), who suggested that P. terebinthus is the least vigorous
of all the rootstocks used in California. Guerrero et al. (2007) have
shown significant differences in vigour among different but near
populations of P. terebinthus. In our study, we could have used a par-
ticularly vigorous population of P. terebinthus, since P. atlantica is
usually considered to be a rootstock of moderate vigour (Ferguson
et al., 2005; Spann et al., 2007). The vigour of fruit trees may be
important because it is likely to be related to yield. In pistachio,
Spann et al. (2007) suggested that more vigorous rootstocks can
also involve higher pruning costs because they promote more veg-
etative growth in the shoot cultivar. These authors also suggested
that a more moderate vigour could be compensated by a higher
plant density. Vigour has been also related to successful field graft-
ing. Guerrero et al. (2007) found that under field conditions, grafting
success in pistachio is closely related to the trunk diameter, and
therefore greater vigour would probably reduce grafting failures.

Rootstock changes the response of the pistachio tree to water
stress conditions. P. atlantica showed slight but not significant
reductions in leaf number. In constrast, in P. terebinthus and the
hybrid, growth was most affected by water stress conditions
(Figs. 4 and 5). This response is generally found in all species, since
expansive growth is the most sensitive process to water stress in
plants and is affected even at relatively high leaf water potentials
(Hsiao, 1973). Trunk diameter data showed that growth did not stop
absolutely under water stress but that it slowed down (Fig. 3). This
agrees with the data shown by Behboudian et al. (1986) in which
slight turgor loss under severe stress still allows some tree growth.
In our study, the reduction of trunk diameter in response to water
stress took place earlier in the variety grafted onto the hybrid and P.
terebinthus than on P. atlantica. This response to water stress seems
in accordance to the response measures in other parameters such
as�x and gs which will be discussed later. In contrast, the recovery
of growth was slower in the hybrid than in the other two root-
stocks (Fig. 3). Visual symptoms of water stress in leaves and the
decrease of green leaf area are indicators of leaf senescence caused
by water stress. Apparently, P. terebinthus induced a stress avoid-
ance response in Kerman variety with a greater leaf area reduction
(lower number and higher damage) than the other two rootstocks.
Unless the leaf area can be increased after the stress period, this
response is considered as an undesirable feature if it reduces crop
yield through a lower assimilation capacity.

Water stress, characterises by stem water potential measure-
ments, was more severe in plants grafted on P. terebinthus than the
hybrid (Fig. 7). The level of induced water stress was not as great as
described in other studies in which minimum�x values of −5 MPa
have been reported (Behboudian et al., 1986). The higher�x values
in P. atlantica were likely related to the smaller transpiring plant leaf
area and biomass (Figs. 4 and 5). In relation to these leaf area val-
ues, differences in stem water potential between rootstocks (Fig. 7)
were smaller than expected in the drought stress. In addition, P.
atlantica also showed very little stomatal control of transpiration
(Fig. 8), which could have contributed to reduced �x differences
between this rootstock and P. terebinthus and the hybrid. These
results are in agreement with the delayed response of trunk diam-
hybrid (Fig. 3). Considering the smaller leaf area of P. atlantica, the
degree of water stress imposed in this experiment may not have not
been strong enough to affect parameters such as �x and gs, in this
rootstock, as quickly as occurred in P. terebinthus and the hybrid.
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eaf conductance of well-watered control plants was higher in the
ybrid than in the other two rootstocks, especially during the water
tress period (Fig. 8). Therefore, the hybrid induced in the shoot
ariety the highest degree of stomatal control in response to water
tress, maintaining also the highest gs under irrigation. This high
s of control plants in the hybrid could have contributed to their
igher growth through higher assimilation rates. This behaviour

s characteristic of drought resistant species (Loomis and Connor,
992).

. Conclusions

The behaviour of the Kerman variety in terms of growth
nd water relations, under irrigated and water stress conditions,
epended on the rootstock it was grafted onto. The rootstock that

nduced a higher sensitivity to water stress was Pistacia atlantica
esf., with low stomatal control of transpiration, although these

esults should be taken with caution as the degree of water stress
mposed to that variety was milder as result of its low leaf area
evelopment. By contrast, the rootstock P. terebinthus L. showed a
etter stomatal control, and slightly higher levels of water stress
han the hybrid which resulted in smaller reductions of leaf area
ut not in leaf number, probably due to differences in leaf size.
inally, the hybrid rootstock showed slightly less stomatal con-
rol under stress conditions than P. terebinthus and, even though
t was the most vigorous, it lost more leaf area through senescence.
lthough the reduction in leaf area allowed a quicker recovery of
ome parameters after water stress was over, it could result in a
eduction in the assimilation capacity of the tree under field con-
itions, which could affect crop yield. This hypothesis should be
hecked in field experiments. The responses found in this work
hould be taken into account when selecting the rootstock for the
stablishment of a new orchard, knowing the irrigation manage-
ent that will be used. Under irrigation, the hybrid may be the

est rootstock since it induces the biggest leaf conductance and
igour, which will be likely to be accompanied by a more produc-
ive response. In the case of dryland conditions or regulated deficit
rrigation in which water stress periods are induced, P. terebinthus

ight be a good choice for their drought tolerance, as it is able to
aintain greater leaf area relative to that of non-stressed plants
ith lower �x and gs values.

All these results suggest the need to evaluate the effect of these
ootstocks on the productive response of this variety under variable
ater stress conditions in the field.
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