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ABSTRACT

High-density oliveculture system needs irriga-
tion and introduces new cultivars in new envi-
ronments. So the evaluation of varietal ecophy-
siological response to irrigation is a crucial
topic. For this reason it was planned a research
on two cultivars, Coratina and Arbequina, train-
ed according to high-density system. In 2009 the
irrigation was conducted according to the con-
ventional management by applying an irrigation
frequency of 4 days. The leaf water potentials re-
ached values similar to the limits reported for
the recovery within 48 hours. However, plants
showed a leaf water status and gas exchange re-
covery just after 24 hours from watering. The re-
sults highlighted some varietal differences: Arb-
equina showed a better response to irrigation,
while Coratina performed a higher water use ef-
ficiency by a lower leaf transpiration.

Keywords: Leaf Water Potential; Stomatal
Conductance; Net Assimilation; Water Use
Efficiency

1. INTRODUCTION

The diffusion in recent years in the world of olivecul-
ture high-density system has led to an intensification of
studies on its irrigation management, as this plays an
important role in determining the agronomic sustainabil-
ity of this farming system [1,2]. In fact, unlike the tradi-
tional oliveculture systems, crop irrigation is indispensa-
ble in order to obtain an optimal and constant production
level in high-density oliveculture [3-5]. There are three
cultivars on which, up to now, has been calibrated this
system: two Spanish, “Arbequina” and “Arbosana”, and
one Greek “Koroneiki” [6,7]. The introduction of new
cultivars into new environments raises the necessity to
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evaluate their eco-physiological behaviour in response to
irrigation. It has been shown that with the irrigation olive
tree can recover water status and optimal leaf gas ex-
change within 2 - 3 days only if water stress imposed in
pre-irrigation determines values of leaf water potential
higher than —1.0 MPa and —2.5 MPa at pre-dawn and
midday, respectively; at lower values the recovery is
much slower (twenty days); under —2.0 MPa and —4.0
MPa, respectively, it does not take place at all [8-13].

In order to investigate the ecophysiological responses
to irrigation a long-term research on two olive cultivars
grown was started according to the high-density system:
Arbequina and Coratina. This paper reports the effects of
the conventional irrigation management.

2. MATERIALS AND METHODS

The study was carried out in the olive grove located at
the experimental farm of the Department of Agricultural
and Environmental Sciences at Valenzano (Bari, South-
ern Italy—41°01'N; 16°45'E; 110 m a.s.l.), on a sandy
clay soil (sand, 630 g-kg'; silt, 160 g-kg'; clay, 210
g'kg™") classified as a Typic Haploxeralf (USDA) or
Chromi-Cutanic Luvisol (FAO). The site is characterised
by a typical Mediterranean climate, with a long-term
average annual rainfall of 560 mm, two third concen-
trated from autumn to winter, and a long-term average
annual temperature of 15.6°C. The olive grove was
planted in 2006 with plant spacing of 4.0 m x 1.5 m
(1667 trees-ha ') according to the Spanish high-density
system. Props, drip irrigation and routine cultural prac-
tices (nutrition, pruning, disease control) were set up as
already described [3,6]. The research was conducted on
two cultivars: Arbequina, on which the high-density sys-
tem was calibrated, and Coratina, the most important
traditional Apulian olive cultivated variety [14]. In 2009,
the irrigation management was carried out according to
the conventional criteria, restoring the soil water re-
serve easy available when exhausted. From June to
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September, monthly measurements were carried out just
before irrigation (pre irrigation) and 24 hours after irri-
gation (post irrigation). Between 11:00 am and 1:00 pm
under light saturation conditions (PAR > 1800 pmol
photons m *s™"), for each cultivar on healthy, well-ex-
posed mature leaves, placed in the middle part of the
fruiting branches of three plants, were measured: sto-
matal conductance (g; molH,O m *s™"), transpiration (E;
mmolH,0 m*+s™") and the net assimilation (A; pmolCO,
m2-s™"), with an open-system portable gas analyzer
(model LCA-4, Analytical Development Company, Ltd.,
UK) and a leaf chamber PLC4-B. The water use effi-
ciency (WUE = A/E) was normalized with the air water
vapour pressure deficit (VPD, kPa). On the same leaves
and at the same time leaf water potential (y.,q) was
measured; on the nearest leaves pre-dawn leaf water po-
tential (y,q) was measured. On the same day soil water
potential () was measured of a soil sample extract at 40
cm in depth between two adjacent trees. The time of ir-
rigation has been managed following the evolution of the
soil water potential, making measures every three days.
All leaves and soil potentials were measured by a psy-
chrometer chilled mirror (model WP-4T, Decagon De-
vices, Inc., USA). All data were subjected to statistical
analysis using the SAS program (V9.1) for MS Windows
(SAS Institute Inc., USA); significant parameters to the
F-test (P < 0.05) were analyzed with the post hoc SNK
test.

Considering the strong influence of climatic factors on
irrigation management, the 2009 climatic pattern has
been monitored at the agro-meteorological station lo-
cated in the same experimental farm and supplied by the
Agro-meteorological office of the ASSOCODIPUGLIA.
The long-term climatic data (1974-2004) were recorded
at the closest station to the site under study and obtained
from the Central Bureau of Agricultural Ecology. The
average monthly temperatures were identical to those of
the long-term values (15.6°C). The total rainfall, on the
contrary, was much higher than the long-term values
(+365 mm); however most of the rainfall occurred out-
side of the irrigation season, during which the rainfall
was a little lower than the thirty-year values.

3. RESULTS AND DISCUSSION
3.1. Climatic Pattern

During the irrigation season from June to September
2009 (Figure 1), monthly mean temperatures were quite
similar to that of the thirty-year value (23.2°C vs 22.5°C
as mean, respectively). Rainfall values of June and Sep-
tember resulted higher than that of thirty-year mean (48.6
mm vs 38.2 mm in June and 67.1 mm vs 54.8 mm in
September, respectively). On the contrary in July and
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Figure 1. Rainfall and temperature during experimental period
(2009).

August it rained much less than the thirty-year mean (5.6
mm vs 28.7 mm in July and 2.2 mm vs 34.0 mm in Au-
gust, respectively). So the climatic pattern strongly in-
fluenced seasonal ecophysiological pattern.

3.2. Seasonal Pattern

During the irrigation season (June-September) both
cultivars showed in general statistical differences be-
tween pre and post irrigation for all the ecophysiological
parameters (Figures 2 and 3).

For cv Arbequina g decreased significantly both in
pre irrigation (from —2.9 MPa to —3.6 MPa) and in post
irrigation (from —2.6 MPa to —3.2 MPa) moving from
June to other months, when unchanged, in response to
the rainfall lack. At the same time g; dropped from 0.06
molH,0 m*s™" to 0.03 molH,0 m*-s™' in pre irriga-
tion while unchanged in post irrigation (0.07 molH,O
m s as mean). A decreased from 5.4 umolCO, m >s™'
in June to 3.4 pmolCO, m *s™" in the rest of the irriga-
tion season and from 6.3 pmolCO, m?s ' to 4.3
umolCO, m>'s”', in pre and in post irrigation, respec-
tively. On the contrary WUE unchanged during irrigation
season in pre irrigation (6.8 umolCO, kPa mmolH,0 ™" as
mean) while in post irrigation it increased from 6.1 to 8.3
umolCO, kPa mmolH,0' from June to September. The
conventional irrigation always significantly increased 4
and g in post irrigation with respect to pre, except gs in
June, due to the abundant rainfall. A did not increase in
August and September after irrigation and WUE did not
change from July to September.

For cv Coratina the 4 showed a very similar behav-
iour to that of cv Arbequina, decreasing significantly
from —3.5 MPa to —3.9 MPa in pre treatment and from
—3.1 MPa to 3.6 MPa in post treatment moving from
June to other months. Similarly g5 decreased in pre irri-
gation from 0.07 molH,0 m *s' to a value of 0.03
molH,0 m s}, and from 0.07 molH,0 m >s”! to 0.05
molH,O m s in post irrigation. A had the same trend
in both pre and post irrigation: the values decreasing
from 5.8 pmolCO, m *s™' to 2.7 pmolCO, m s and
from 7.1 pmolCO, m2s! to 3.8 umolCO, m s L, re-
spectively. Finally WUE decreased during the irriga-
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Figure 2. Seasonal pattern of leaf water potential (W,
MPa; a) stomatal conductance (g, molH,O m-s'; b) net
assimilation rate (A, pmolCO, m >-s'; ¢) and normalized
water use efficiency (WUE, pmolCO, kPa mmolH,O'; d)
in pre irrigation (Pre) and post irrigation (Post) of cultivar
Arbequina during irrigation season 2009. The letters de-
note statistical differences among different times within
each curve (SNK test; lower case letters for p < 0.05, capi-
tal letters for p < 0.01). The symbols on the x-axis denote
statistical differences between pre and post irrigation for
each time (t test, p < 0.05, n.s. not significant).
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Figure 3. Seasonal pattern of leaf water potential (g4,
MPa; a) stomatal conductance (g,, molH,0 m 2 s™'; b) net
assimilation rate (A, pmolCO, m % s°'; ¢) and normalized
water use efficiency (WUE, umolCO, kPa mmolH,0"; d)
in pre irrigation (Pre) and post irrigation (Post) of cultivar
Coratina during irrigation season 2009. The letters denote
statistical differences among different times within each
curve (SNK test; lower case letters for p < 0.05, capital let-
ters for p < 0.01). The symbols on the x-axis denote statis-
tical differences between pre and post irrigation for each
time (t test, p <0.01, p < 0.05, n.s. not significant).
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tion season in pre irrigation from 7.8 umolCO, kPa
mmolH,0 ! to 6.7 pmol CO, kPa mmoleOfl, but in-
creased in post irrigation from 6.4 pmolCO, kPa
mmolH,0 ! to 8.3 umolCO, kPa mmolH,0™'. As Ar-
bequina did, the conventional irrigation always signifi-
cantly increased y,,q and g in post irrigation with respect
to pre, except g, in June, A did not increase in September
after irrigation and WUE did not change from July to
September. These ecophysiological values are very simi-
lar to those reported in the same environment and for the
same cultivars [2]. The general reduction in A and the
scarce effect of the irrigation in the last months of the
season is stated in the literature for olive cultivars, in
relation to senescence of leaves [15]. The WUE lack of
significance is due to its conservative behaviour [16].

3.3. Genotype Effect

With the conventional irrigation, vy values moved
from —0.54 MPa (irrigation threshold) to about field ca-
pacity (y; =—0.07/—0.08 MPa; Table 1).

Not significant differences in the y,q (—1.89 MPa pre
irrigation and —1.57 MPa post irrigation) were observed
between cultivars for each measurement and between
measurement for each cultivar (Table 1). In contrast,
significantly more negative 4 values both in pre and
post irrigation of cv Coratina compared to cv Arbequina
were observed: —4.08 MPa vs —3.40 MPa in pre irriga-
tion and —3.68 MPa vs —3.10 MPa in post, respectively
(Table 1). No statistical difference was obtained for y,q
between measurements for each cultivar (Table 1). The
leaf water potential values obtained are lower than those
allowing a rapid recovery of gas exchange, according to
the literature. After irrigating g, showed an improvement
trend for both cultivars, even without statistical differ-
ences among cultivars: 0.04 molH,0 m *s™' in pre irri-

gation and 0.07 molH,O m's™' in post irrigation, as

mean (Table 1). The E has not shown statistical differ-
ences between pre/post irrigation for each cultivar and no
statistical difference among cultivars for each measure-
ment; nevertheless Coratina showed lower stomatal
transpiration than Arbequina in post irrigation (2.55
mmolH,O m *s™! vs 2.82 mmolH,O m72~sfl, Table 1).
For both cultivars irrigation significantly increased the A:
from 3.64 to 4.82 umolCO, m s for Arbequina, from
3.54 to 4.72 pmolCO, m s for Coratina, in pre and
post respectively; no varietal difference was observed
(Table 1). Finally, in post irrigation Coratina showed
higher WUE (7.18 umolCO, kPa mmolH,0 ") compared
to Arbequina (6.15 pmolCO, kPa mmolH,0 ") (Table 1).

This work contains the first data of the evolution of
ecophysiological parameters for these two cultivars grown
according to the high-density system: in fact, other works
were already carried out on other cultivars obtaining val-
ues significantly different as a function of cultivar and
climate and soil characteristics [17].

4. CONCLUSION

Under conventional irrigation management on the
seasonal basis leaf water potential of both cultivars did
not increase significantly after irrigation, in spite of a
significant improvement of the soil water status, con-
firming the anisohydric behaviour of olive tree. The leaf
water potential values were lower than those allowing a
rapid recovery of gas exchange, according to the litera-
ture; irrigation determined an increasing stomatal con-
ductance and transpiration trends and a significant in-
crease in net assimilation of both cultivars, already 24
hours after irrigation, in spite of a not significant im-
provement of the leaf water status. On the montly basis
the conventional irrigation always significantly increased

Table 1. Soil water potential (), leaf water potential (y,4) and leaf gas exchange at midday (stomatal conductance gg; leaf transpira-
tion E; net assimilation rate A; normalized water use efficiency WUE) and pre-dawn leaf water potential (y,4), before (pre) and after
(post) irrigation of cultivar Arbequina and Coratina (2009 mean values, +standard error). The first letter denote statistical differences
between pre/post irrigation values for each cultivar, the second letter denote statistical differences between cultivars for each date

(t-test, p=0.05).

Arbequina Coratina

Pre Post Pre Post
s (MPa) —0.55+0.08 ba -0.07+0.01 aa —0.53 £ 0.07 ba —0.08 £0.02 aa
WYpa (MPa) —1.85+0.15 aa —1.50 £ 0.20 aa -1.94+0.21 aa -1.64+0.13 aa
Yma (MPa) —3.40+0.31 aa —3.10£0.25 aa —4.08 £0.30 ab —3.68 £0.30 ab
g, (molH,0 m2s™") 0.04 £ 0.02 aa 0.07+£0.02 aa 0.04+0.02 aa 0.06 £ 0.01 aa
E (mmolH,0 m2-s™") 2.06+0.63 aa 2.82+0.41aa 1.95+0.81 aa 2.55+0.63 aa
A (umolCO, ms7") 3.64+ 123 ba 482+1.01aa 3.54+ 1.59 ba 472+0.50 aa
WUE (umolCO; kPa mmolH,0 ") 6.00 + 0.64 aa 6.15+0.50 ab 6.66 +0.75 aa 7.18 £0.48 aa
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leaf water potential and stomatal conductance in post
irrigation with respect to pre, while net assimilation did
not increase in August and September after irrigation in
relation to senescence of leaves and water use efficiency
did not change from July to September due to its conser-
vative behaviour. Finally Arbequina always showed best
values of leaf water potential and a better recovery of gas
exchange than Coratina that showed a better water use
efficiency than Arbequina, likely for a lower transpira-
tion. These data are very useful for irrigation manage-
ment of olive cultivars grown in new environments and
in new cropping systems.
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