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Abstraet 

Measurements of leaf water potential ('I') and stomatal conductance to H20 (g) were 
made in 26-year-old Manzanillo olive trees under irrigation and dry-farming conditions. 
On days of high water demand, the olive trees reduced water losses by closing the 
stomata, so preventing excessive water stress. The analysis of g values versus 
photosynthetically active radiation (IPAR) and vapour pressure deficit (VPD), showed 
that stomata were fully opened at relatively low IpARlevels, from about 500 Jlmol m-2 

S-l. 

Also, g decreased with increasing VPD, for values of up to approximately 4 kPa. After 
plotting the relative extraetable soil water (REW) values against their counterparts of 
pre-dawn leaf water potential ('I'pd) , it was observed that 'I'pd remained eonstant for 
values ofREW higher than 0.4, with a mean value of -0.46 MPa. 
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1. Introduction 

The good adaptation of the olive tree (Olea europaea L.) to dry conditions is well 
known. Sorne mechanisms and features involved in its tolerance to or avoidance of 
water stress are described in the literature. Leon and Bukovac (1978), Bongi et al. 
(1987a, 1987b) and Cowling and Campbell (1983) described various xerophytic 
characteristics of the olive leaf. Abd-EI-Rahman et al. (1966) and Rieger (1995) 
observed osmotic adjustment that helped the plant to withstand dry conditions. The role 
ofthe olive roots in the adaptation to dry conditions has be en observed by Femández et 
al., (1994), and Moreno et al. (1996) described sorne features of the hydraulic 
functioning under different soil water conditions. The low hydraulic conductivity of the 
olive xylem (Salleo et al., 1985; Larsen et al., 1989; Rieger, 1995) seems to be one of 
the features responsible for the reduced water consumption in the olive tree (Lo Gullo 
and Salleo, 1988; Larsen et al., 1989). Larsen et al., 1989 observed in stressed olive 
trees a quiek recovery of the leaf water potential after the central hours of the day, 
which they flttribute to stomatal closing. 

In this work, leaf water relations were studied in 26-year-old olive trees under 
irrigation and under dry-farming conditions, with the aim of identifying mechanisms 
for the control ofthe water used by the olive tree. 

2. Materials and methods 



The experiments were carried out in an one ha orchard of 26-year-old olive trees 
(Olea europaea L., varo Manzanillo) planted at 7 x 7 m, belonging to the Institute for 
Natural Resources and Agrobiology, near Seville in Spain (370 17' N, 60 3' W, elevation 
30 m). The soil is a sandy loam of about 2 m depth, with 27.5% coarse sand, 36.5% 
fine sand, 13.4% silt and 22.6% clay. The volumetric soil water content at the upper 
limit ofthe field capacity is 0.33 m3 m·3

, and the lower limit ofthe wilting point is 0.10 
m3 m·3

• Two water regimes were imposed, in three representative trees per treatment. 
The first treatment (1) consisted of weekly irrigation to cover the crop water demand 
(ETJ calculated by the equation: 

(1) 

where K is the coefficient relating the percent shaded area ofthe orchard floor and ETc 
(Fereres and Castel, 1981), Kc is the crop coefficient given by Pastor (1994), and ETo is 
the potential evapotranspiration calculated by the F AO-Penman equation. Irrigation 
was carried out from the middle of March 1995 (day of the year, DOY 77) to the 
middle of September (DOY 262). The water was applied in a 2.5 m radius pond around 
each tree. The second treatment (D) was dry-farming conditions. 

The experimental period was unusually dry, with only 79 mm of rainfall between 
March and September. Soil water status was monitored in one tree per treatment, with a 
maximum frequency of 15 days and always on the days in which plant measurements 
were made. Measurements of volumetric soil water content (8) were made from 0.2 m 
down to 1.5 m, every 0.1 m, with a neutron pro be (Troxler 3300) in access tubes 
installed at 0.5, 1.5 and 2.5 m from the trunk. For the top layer of the soil, 8 was 
measured by time-domain-reflectometry (Tektronix 1502C). The wave-forms were 
analysed similarly to as described by Baker and Allmaras (1990). Soil moisture profiles 
were used to calculate a depth equivalent of water, expressed here as the level of 
relative extractable water (REW) by the equation (Bréda el al., 1995a,b): 

(2) 

where R is the actual soil water content, Rnin the minimum measured soil water content, 
and R,nax the soil water content at field capacity. Total soil extractable water (R,nax - R,nin) 
was 306 mm. The soil matric potential (h) was measured by two mercury tensiometers 
installed at 0.45 and 0.90 m depth, 1.5 m from the trunk. The retention curve 
determined by Moreno el al. (1996) in the experimental orchard was used to calculate 
the h values from the 8 measurements. The soil of treatment 1 showed h values higher 
than -0.05 MPa throughout the experimental period, with values around -0.03 MPa 
most of the time. In the unirrigated treatment, h values were very low for most of the 
experimental period, due to the lack of rain, and were lower than -1.5 MPa at the end of 
the dry season. 

Leaf water potential (tp) and stomatal conductance to H20 (g) were measured on 
leaves from the year, healthy and in sunny positions. A pressure chamber (Soilmoisture 
Equipment Corp, USA) was used for the measurements of tp. Measurements of g were 
made on the abaxial surface ofleaves, with a steady-state porometer (LI-1600, LI-COR, 
USA). Diurnal evolutions of both parameters were monitored in April, July and 
September, with measurements every 2.5 hours from dawn to sunset. Two Ieaves were 
sampled from each experimental tree, on three trees per treatment, at 1.6-1.9 m aboye 



soillevel. In April and luly, measurements were carried out the first and third days afier 
irrigation, to check the influence of soil drying. In September, measurements were 
made six days afier irrigation. 

Climatic parameters were measured at the experimental farm with an automatic 
weather station, recording thirty-minute averages of global solar radiation, 
photosynthetically active radiation (IpAR), wind speed, rainfall, and air temperature and 
humidity. The values of IpAR measured by the sensor of the poro meter were used in the 
analysis of the stomatal conductance response versus incident radiation, to be sure that 
radiation was measured at the same angle as the leaf. 

3. Results and discussion 

The daily curves of \f' and g observed on the measurement days throughout the 
experimental period are shown in Figure l. In April, no significant differences between 
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Figure 1. Diurnal vanatlOns of leaf water potential and stomatal conductance in 
irrigated (.) and unirrigated (o) trees. The vertical bars represent ± SE (n=6). 



treatments were observed in either parameter, in general, but big differences were found 
in July and September. This agrees with the soil water content measured in each 
treatment. Figure 2 shows that in April, the soil water content in the unirrigated trees 
was enough to prevent significant water stress. We assumed an REW threshold for soil 
water deficit of 0.4, after plotting REW versus predawn leaf water potential (\fpd)' used 
as indicator of water stress (Fig. 3). The mean value of \fpd for REW;::O.4 was -0.46 
MPa. In July and September, however, REW values in the unirrigated trees were very 
low (Fig. 2). 
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Figure 2. Relative extractable soil water (REW) for the irrigated (.) and unirrigated 
treatments (o). Data are the average of three measurements. The dotted line 
indicates the value ofREW considered to be the water deficit threshold. 
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Figure 3. Relative extractable soil water versus water predawn leaf water potential. 
Data are from irrigated (.) and unirrigated (o) trees. Data obtained by 
F ernandez (1989) in the same orchard (. irrigated trees; D unirrigated trees) 
have also been used. Each value is the average of three volumetric soil water 
content measurements and six leafwater potential measurements. 



On the 25th of July, the values of tp decreased from sunrise until late in the 
afternoon. On the 27th, however, minimum values of tp were reached before midday, 
and then remained more or less constant until late in the afternoon. The daily trends of 
g were also different on both days, and lower values were found on the 27th than on the 
25th, for both treatments. Figure 4 shows that the atmospheric water demand was much 
higher on the 27th than on the 25th. 
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Figure 4. Diurnal variations of photosynthetically active radiation and vapour pressure 
deficit measured at the experimental farm. 

In Figure 5, values of g for both treatments have be en plotted with their counterparts 
of IpAR (Fig. 5a) and Vapour pressure deficit (VPD) (Fig. 5b). High values of g were 
observed at relatively low radiation, from about 500 ¡..tmol m-2 

S-l. A proportional 
decrease in g was found with increasing VPD, for VPD values ofup to approximately 4 
kPa. 
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Figure 5. Stomatal conductance vs photosynthetically active radiation (a) and vapour 
pressure deficit (b) for leaves of the irrigated ( • ) and unirrigated (o) trees. 

For the olive tree, the REW value of 0.4 can be assumed as the soil water deficit 
threshold. This agrees with the value found for other tree species (Bréda et al., 1995). 
Measurements of'-P and g made in July show that the olive tree is able to restrict water 
loss by closing the stomata. On the 27th, a day of high water demand, the trees closed 
stomata early in the morning, preventing an excessive drop in '-P. This agrees with the 
findings of Larsen et al. (1989) in Nabali olive trees, though the diurnal patterns of '-P 
and g observed in this variety were different from those found in Manzanillo variety. 
The fact that the g values measured on the 27th were lower than on the 25th, even in the 
unirrigated trees where no appreciable change in REW was detected between the two 
measurement days (Fig. 2), indicates that the decrease in g must be due in part to 
stomatal closure and not only to the low hydraulic conductance of the xylem, as 
observed by Lo Gullo and Salleo (1989) in wild olive trees. 

The marked response of g to the increase in IpAR, from O to about 200 ¡.tmol m-2 
S-I, 

explains the high values of g observed early in the morning. Also, the decrease of g 
from midday may be the consequence ofthe stomatal closure as VPD increases. 
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