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Guidelines on BIMP for olive in the 

Mediterranean Area 

1 Irrigation in olive orchards 

Olive (Oleaeuropaea L.) is the most extensive tree crop of the Mediterranean basin (around 10 million 

ha in 2012; FAO, 2014), being an important source of both fruit and edible oil, whose appreciation by 

the consumer has increased in recent years. Around 90 percent of the world production is for oil 

extraction. In 2012, 98 percent of olive oil production was concentrated in the Mediterranean 

area(FAO, 2014).In particular, the main producers of virgin oil are Spain, Italy and Greece (with about 

70 percent of total production), with an average yield of 2.1 tonne/ha (FAO, 2014). Thevalue of their 

productions in constant terms (2004-2006 as the base period) was about 6,900 million € (FAO, 2014). 

Therefore, the olive tree is a key tree crop in the Mediterranean basin, not only in agricultural and 

environmental terms but also socioeconomically. 

The olive tree is considered as one of the species best adapted to the semiarid Mediterranean 

environment, because of its high tolerance to drought and salinity.Ithas a high capacity to recover 

quickly after prolonged drought periods following a dry season.The main features of the adaptation of 

olive to drought are the high water absorption capacity of the root system (extensive and vigorous), 

the optimal control of water loss through stomata, the favorable leaf anatomy and morphology, 

andthe high capacity for osmotic adjustment. 

Under rainfed conditions, olive trees can survive in climates with only 150-200 mm annual rainfall in 

very sparse plantings; production is substantial under annual rainfall higher than 600 mm and soils 

with good water-holding capacity.Despite olive tree resistance to drought, irrigation is important for 

insuring adequate yields in the years with low rainfall, for reducing the year-to-year yield variability 

because of alternate bearing, and for increasing olive oil production. The notable yield response to 

water applicationis due to increased fruit number and greater oil accumulation in the fruits, relative 

to the responses under water stress conditions. In the main olive oil producingcountries, irrigated olive 

orchards occupy about 13 percent of total olive area (European Commission, 2012), and it is increasing 

over the recent years.Evidences of irrigated olive orchards in southern France and northeastern 

Spainduring the Middle Ages (9th–15th centuries)are documented (Terral and Durand, 2006). Given the 

water scarcity of the Mediterranean area, both drip (Figure 1) and micro-sprinklers, which can apply 

water and nutrients uniformly and efficiently, have potential for precision irrigation in olive orchards. 

Nevertheless, irrigation involves some potential side effects such as an increased incidence of 

Verticillium wilt disease (Verticilliumdahliae) and increased damage by the olive fruit fly 

(BactroceraoleaeGmel.). Also, oil percentage and polyphenol content (related to the current 

perception of quality) can be decreased by inadequate irrigation management and, sometimes, 

anincrease in free fatty acids(responsible of the acid content, sometimes characterized as a defect) has 

been reported. Moreover, olive trees are sensitive to waterlogging, and excessive irrigation may be 

harmful to the trees. 
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Figure 1. Irrigated olive orchard in Guadalquivir River Basin (Southern Spain) 

 

 

2 Responses to water deficits in relation to olive life cycle 

Olive tree phenology (annual vegetative and reproductive cycles) is strongly influenced by 

environmental conditions (location dependent), cultivar characteristics, and soil characteristics and 

water availability. Tree main phenological stages and time sequence are reported in Figure 2. Yield is 

mainly determined by three main developmental processes: fruit set, fruit growth and oil accumulation 

in the fruit pulp. Nevertheless, vegetative growth is also important, because flowering originates in the 

axillary buds of one-year old wood (Figure 3); thus, the number of next year fruits dependsdirectly on 

the amount of vegetative growth of the present year. In the olive, a reduction in fruit number may not 

be compensated by anincreased size of individual fruits. 

 

 

Figure 3. Olive fruits borne on one-year-old wood 

 

Figure 2.Main phenological stages of olive trees (occurrence and duration).Adapted from FAO (2012). 
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The sensitivity of these stages to water stress and their capacity to recover after a dry period should 

be analyzed according to their impact on fruit and oil production. Water stress should be avoided from 

inflorescence development to fruit set. Also, the periods of initial fruit growth and of oil accumulation 

in the fall are sensitive to water deficit (see Figure 2). On the contrary, the fruit growing period during 

the summer can tolerate substantial water deficits (starting about 45-60 days after fruit set), provided 

that the tree recovers at the onset of the oil accumulation period. 

Olives flower in late spring (later than many deciduous trees);thus, fruit growth is also delayed into the 

summer. Therefore, the risk of water stress occurring during these critical stages is significant underthe 

Mediterranean climate (periods of water shortage). Nevertheless, even after several weeks of deficit, 

complete recovery of fruit growth occurs following rainfall or irrigation.However, mild water stress 

during fruit development may have a positive effect on the pulp-to-pit ratio, an important quality 

feature in the olive fruit.  

 

3 Meeting olive tree water requirements 

The water scarcity context and the current intensification of production, linked to the expansion of 

irrigation in olive orchards, call for precise irrigation scheduling to answer the complex questions of 

when and how much irrigation water is needed for optimal olive orchard performance. The complexity 

of the irrigation schedulingis increased by the important changes in the olive cropping systems that 

have taken place over the last 25 years, and by the current wide diversity of production systems and 

cultural practices (tree density, irrigation water availability and use, fertilization practices, etc.) (Figure 

4). The main objective of irrigation is to avoid tree water deficits that would negatively impact 

economic benefit. Therefore, the main challenges for an efficient irrigation strategy in olive orchards 

are (Figure 5): a) determining the full tree water needs; b) defining and tailoring the best irrigation 

schedule (full irrigation or deficit irrigation strategies) in terms of net profits and under the current 

water availability and particular conditions; and c)monitoring the olive trees to ensure that the 

targeted objectives are met. Three technical approaches to irrigation scheduling may be used alone or 

in combination: a) determining the soil water balance; b) use of soil moisture sensors; and c) use of 

tree sensors.The procedures to reach these three main targets are briefly addressedin the following 

section.  

 

Main stages sensitive to water deficit 
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Figure 4. Example of orchards with different density plantings 

 

 

 

Figure 5. General outline of the main challenges for an efficient irrigation in olive orchard 

 

 
Olive tree water needs 

Water use by an olive orchard results from the combination of two processes: direct evaporation from 

soil surface and evaporation from leaves (transpiration).The two processes are usually presented 

together, as evapotranspiration (ETc) or crop water requirement. Total annual water use (ETc)is very 

variable and depends on several factors, but it is in the range 500–900 mm.Olive transpiration is lower 

than that of deciduous fruit trees growing in the same environment.  

ETc is the most critical component of olive irrigation management (major component of the irrigation 

requirements), and it is needed to schedule irrigation using the water budget approach. As a first 

approximation,it may be calculated using crop coefficients (Kc) and reference evapotranspiration (ETo) 

(Box 1).There are uncertainties in the Kc values (olive is evergreen and there are variations in soil 

surface wetness, pruning intensity, canopy cover, etc.). Thus, for more precise calculations, 

evapotranspiration must be estimated by calculating transpiration (T) and evaporation (E) 

independently (Box 2). The evaporation component of ETc is calculated by separating E from wet spots 

by the emitters from the rest of the soil (Figure 6).

Old low density olive orchard Young high density olive orchard
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Box 1. Simplified estimation of orchard evapotranspiration, and summary of recommended 

olive Kc values. 

 

 

4 Box 2. Estimation of orchard evapotranspiration from its components 

 
 

 

 

 
Figure 6. Soil wetted by emitters in a drip irrigated olive orchard.  

 

 

 

Simplified procedure for estimation of olive orchard evapotranspiration 

Orchard evapotranspiration:ETc = Kc × ETo 

Recommended Kc values for a mature olive orchard (Fereres et al., 2011) 

Climate Semi-arida Aridb 

Spring 0.65 - 0.75 0.45 - 0.55 
Summer 0.50 - 0.55 0.50 - 0.55 

Fall 0.60 - 0.70 0.55 – 0.65 
Winter 0.65 - 0.75 0.40 - 0.55 

a Rainfall values around 500 mm or more, mostly between fall and spring  
b Rainfall values less than 400 mm, with relatively cold winters 

 
Note: If the orchard has a permanent grass cover, Kc should be further increased up to about 0.8 to 1.0 in winter and early spring (depending 

on the type of the cover crop and its density) 

Procedure for estimation of olive orchard evapotranspiration from its components 

Orchard evapotranspiration:ETc = Tr + Trcc + Ewz + Edz 
Tr is olive tree transpiration 

Trcc is cover crop transpiration 

Ewz is evaporation from the soil wetted by the emitters 
Edz is evaporation from the rest of the soil 

 

Note: See the calculation procedures of the four components of ETC in FAO (2012), originally published by Orgaz et al (2006). 
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The water budget method 

 
The soil water budget is a simple procedure for estimating olive water needs. In this method, the tree 

root zone is considered as a water reservoir where rainfall or irrigation water is stored for water uptake 

by the tree, depleting the reservoir by ETc(Figure 7). An important and practical consideration is that 

olive roots can reach several meters deep, but the effective rooting depth for irrigation needs 

estimations is considered much less for practical reasons (usually 1.5 to 2 m is the maximum depth 

considered).If the capacity of the root zone reservoir (total available water; TAW) and the rate of tree 

water use(ETc) are known, it is possible to determine the irrigation schedule. 

 

Figure 7. Water balance of an olive orchard (TAW: Total available water; Da: Allowable depletion). 

 
Soil water-storage capacity depends on several soil characteristics, but is roughly related to particle 

size, which can be easily determined.Water extraction, depleted through ETc, is allowed to continue 

until the soil water reservoir reaches a threshold level (allowable depletion –Da–;Box 3 and Figure 7). 

Below this level, olive production and/or quality are negatively affected by water deficits. Thus, 

irrigation must be applied to keep the soil moisture above the management-allowed soil water 

depletion level by replenishing the water amount equivalent to the ETcuse since previous irrigation. 

Depending on the irrigation system, the focus will be put on the allowable depletion or ETcuse by the 

tree. For the surface and portable sprinkler methods, establishing an allowed soil water depletion level 

is very useful to minimize the number of irrigations per season, and thus, labour costs. When the 

irrigation system is permanent and covers the whole orchard, there is no need to deplete the soil water 

down to the allowable depletion because water can be applied as frequently as desired, focusing 

mostly on meeting the ETcneeds. Nevertheless, under microirrigation (drip or microsprinklers), it is 

useful to keep track of the soil moisture depletion if deficit irrigation is practiced, and considered as a 

good supply strategy. 
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Box 3. Considerations about the determination of the allowable water depletion level 

 
 

 

1.1. Irrigation strategies 

In water scarcity situations, recurrent in the Mediterranean basin, irrigation scheduling becomes more 

complex, as the water supply is usually insufficient to meet the full crop demand. In some areas of 

Spain,for example, the irrigation water allocation for olive trees is between 100 and 200 mm, which is 

less than the irrigation needs in most years, even for low density orchards. Therefore,irrigation 

scheduling needs to be carefully designed to optimize water use. When water supply is insufficient, 

the only option is to apply less water than the orchard ETc requirements, a strategy known as deficit 

irrigation (DI). In the case of olive, DI is often the best strategy for maximizing revenue. Water deficits 

may lead to reductions in yield, thus it is important to consider the sensitivity of olive tree to water 

stress, as described in Section 2. There are mainly two approaches in designing a DI programme: a) 

sustained deficit irrigation (SDI),where a constant fraction of ETc is applied at regular intervals; and b) 

regulated deficit irrigation (RDI), where the tree is stressed at those developmental stages where water 

deficits have the least negative impact on production. Under plentiful water supply, RDI may also 

beprogrammed to reduce consumptive use and hopefully increasing profits orfor facilitating tree 

management (such asreducing pruning needs and costs). Therefore, the timing, magnitude, and 

duration of the stress periods depend on several factors, mainly the water supply. Two different RDI 

strategies (FAO, 2012) which have been used with success are summarized in Box 4. 

5 Box 4. Successful regulated deficit irrigation strategies for olive orchard (FAO, 2012) 

 
 
There is no evidence of the advantage of one strategy over the other (RDI or SDI), it all depends on 

local conditions and the water supply. Nevertheless, a common strategy in both DI approaches is to 

reduce the water supply late in the irrigation season, making best use of soil storage capacity before 

the seasonal rains arrive in the Fall.This strategy is facilitated by the capacity of olive trees to takeup 

significant quantities of water early in the season.In Box 5, we summarize some general ideas about 

the most appropriate strategy under each particular condition. 

 

 

Determination of the allowable water depletion level  

The allowable water depletion is defined as a management-determinedlevel between the upper and lower limit 

of the root zone water holding capacity. Its estimation must be based on soil, plant, and climatic factors (such 

as, total soil water available, root activity and density, the sensitivity of olive developmental processes to water 

deficits, and ETc rate); and thus, managing many uncertainties. For these reasons, the allowable water 

depletion level can range from 50 to70 % of the total available water (i.e. from around 50 mm, for shallow 

course textured, to 250 mm, for deep and fine textured soils). Since the quantification of the allowabledepletion 

is a critical task to determine the seasonal irrigation requirements, consultation with alocal technicaladvisor 

is highly recommended. 

Successful RDI strategies 

RDI1: Water deficitsare concentrated from pit hardening until the end of the summer. 

RDI2:To apply a fixed amount of irrigation water at regular intervals throughout the growing season. The amount 

of each irrigation is such that it may meet most of the ETc demand in Springand Fall, but is quite insufficient to 

meet ETc during summer, when trees are insensitive to stress. This approach is the most simple for the design and 

management of drip systems and works well in soils of high water holding capacity. 
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Box 5. General considerations about the suitable strategy for each particular condition. 

 

 
Monitoring tree water status 

The use of tree water status measurements for irrigation scheduling presents some difficulties, since 

they are affected by both the soil water status and the atmospheric environment. However, this 

monitoring may be a useful tool to assess and correct the irrigation scheduling generated by the water 

budget method. There are several techniques for characterizing the tree water status (leaf or stem 

water potential, sap flow sensors, dendrometers, etc.), but the stem water potential (SWP) is the 

established method. The major limitation of SWP is its labor requirement, because its 

measurementcannot be automated. Reference values of SWP (which can be measured using pressure 

chamber (Figure 8)) at different levels of water stress in summer days are reported in Box 6. 

 

 

Figure 8.Measurement of stem water potential with a pressure chamber. 

 

Box 6. Reference values of stem water potential in summer days (ETo = 5-6 mm day-1) (based on 

Fereres et al., 2012). 

 

 

 

 

 

  

Regulated deficit irrigation Sustained deficit irrigation 

- Soils with low water storage capacity. 

- Low annual rainfall. 

- No summer rainfall in the Mediterrranean. 

- Very limited water allocation 

- Soils with medium or high water storage 

capacity. 

- No summer or early autumn rainfall 

 

Stress level SWP (MPa) 

No stress -1.0 to -1.2 

Moderate stress -1.7 to -2.5 

Severe stress -3.5 to -4.0 

Extreme stress -7.0 to -8.0 
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6 SIRRIMED Case Study1 
 

The framework and the problem 

Andalusia (Southern Spain) is the world’s largest producer of olive oil (80% of Spanish production). In 

this region, olive is the most extensive tree crop whichhas traditionally been cultivated in marginal 

areas under rainfall conditions (low tree densities, 70 - 85 trees ha-1). In the last 25 years ,  higher olive 

oil prices led to an important increase in new plantings, intensifying the production, primarily via high-

density plantings (200 – 400 trees ha-1) and irrigation (mainly drip irrigated; 94% of irrigated olive 

orchards in Spain). More recently, super high density orchards of 1,300 to 2,000 trees ha-1 have been 

planted.  The economic advantages of shifting olive plantations from traditional rainfed to irrigation 

have been clearly demonstrated. In 2008, irrigated olive orchards occupy about 43 percent of total 

irrigated area of Andalusia (about 470,000 ha), and they produce 56 percent of the total olive oil 

coming from this region. However, Andalusia suffers chronic water shortagesand there is increased 

competition from other economic sectors for the available water resources.Farmers face a scenario of 

uncertainty over the available amount of irrigation water each season. Irrigation water allocation 

varies according to irrigation district and crop type, and many olive production areas receive 150 mm. 

Under this situation, farmers are usually faced with having to apply deficit irrigation(around 57% of 

irrigation water needs; Junta de Andalucia., 2011) to achieve the highest possible returns. Also, the 

declining profitability of the extensive and semi-extensive orchards, linked to the new EU farm support 

system (“Single Payment Scheme”), imply that the highest economic efficiencieswill be obtained with 

lower yields than with maximum attainable yields. Therefore, the promotion of deficit irrigation 

schedules would contribute towards increasing irrigation water productivityand saving water, 

especially under limited available water scenarios. Also, deficit irrigation practices can be a useful 

strategy for reducing vegetative growth in high-density olive orchards, since pruning requirements to 

maintain canopies of a manageable size for over-the-tree harvesters is a potential problem of this type 

of plantations. 

 

 

 

 

 

 

 

4.2 . How was it addressed? 

Within the framework of SIRRIMED project, two different deficit irrigation (DI) experiments for 

demonstration purposes were conducted in two olive orchards located in Guadalquivir River Basin, 

Andalusia (seasons 2011/2012 and 2012/2013).The aim of this study was to evaluate the effect of 

different deficit irrigation schedules on growth and yield in two olive orchards of different plant 

densities (low and high plant density), and comparing to current farm practices. In Box7, we can find a 

summary of the characteristics of the orchards used and the irrigation treatments assessed, designed 

following the recommendations presented above (Section 3). The average annual rainfall during the 

study yearswas around 650 mm, with an average annual ETo of 1,250 mm. The soils are deep, typical 

                                                 
1The field experiments were conducted by: L. Testi, A. López-Bernal, O. García-Tejera, F. Orgaz, F.J. Villalobos, V. Vega, 

and J. Hidalgo,from IAS-UCO and IFAPA, Cordoba. 

The targets 

 To maximize net margins under limited irrigation water availability, using deficit 

irrigation strategies. 

 To reduce vegetative growth in high-density olive orchards for facilitating 

mechanical harvest.  
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vertisols, which range from silty clay loamto clay texture, and they were managed under no-tillage 

practices.Applied irrigation water was calculated weekly using the water budget method (Box 3.1), and 

estimating ETcby the method described in Box 2. Several measurements at leaf (e.g. stomatal 

conductance and net photosynthesis rate), tree (e.g. stem water potential), and orchard (e.g. 

phenology and production) level were performed to evaluate the impact of the irrigation practices on 

production and water productivity.  

 

Box 7. Characteristics of the demonstration olive orchards and irrigation scheduling assessed. 

 Low density plantation (LDP) High density plantation (HDP) 

Tree density (tree ha-1) 152 1,666 

Variety Picual Arbequino 

Plantation age 30 8 

Irrigation system Drip Drip 

Treatments T1: Rainfed 

T2: Sustained DI (1500 m3 ha-1) 

T3: Sustained DI (750 m3 ha-1) 

T4: Regulated DI (750 m3 ha-1) 

T1: Farmer 

T2: Control (100% ETc) 

T3: Regulated DI (50% ETc July-August) 

T4: Regulated DI (50% ETc May-August) 

Experimental design Randomized complete block (4 reps.) Randomized complete block (4 reps.) 

 

 

 

1.2. Findings 

 

Low density planting  

 Increased application of water (150 mm, sustained) was limited by canopy size and did 

not increase oil production over the 75 mm application as RDI (water savings of 50 

percent). However, a reduction of 17 percent in fruit yield was observed. 

 Oil yield was about the same (only 2 percent difference)under an RDI regime as 

compared to the sustained DI, for the same amount of water applied (75 mm seasonal 

application). 

 The lowest irrigation application (75 mm) increased the irrigation water use efficiency 

forfruit yield/irrigation applied from 51.1 to 84.5kgfruit ha-1 mm-1 and for oil from 11.2 

to 20.4kgoil ha-1 mm-1. 

 

High density planting  

 Winter rainfall prevented the control of canopy size by the deficit irrigation treatments.  

 Reductions in fruit yield due to the deficit irrigation treatments averaged from 14 to 22 

percent, with corresponding irrigation water savings from 49 to 54 percent.  
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 Fruit yields were particularly affected by deficit irrigation in spring (T4), causing a 

reduction of 10 percent in relation towater deficits only during summer (T3).  

 RDI regimes increased irrigation water use efficiency (fruit yield/irrigation applied), 

from 29.0 to 49.2 kgfruit ha-1 mm-1. 

General outputs 

 Irrigation water applications over time for all treatments were close tothe target 

percentage of ETc, in both demonstration plots and seasons. Thus, irrigation scheduling 

method was suitable. 

 Fruit growth during summer was retarded by water deficits but recovered when water 

stress was relieved. 

 The relationship between relative fruit yield (yield/maximum yield) and relative applied 

irrigation water (irrigation/maximum irrigation) for all treatments in both demonstration 

plots was set to a single polynomial function (Figure 9). Thus, a reduction of 20 percent 

with respect to the maximum irrigation amounts causes a reduction of around 5 percent 

in fruit production. 

 A general function to estimate the relative irrigation water productivity (water 

productivity/maximum water productivity) from relative irrigation was also 

obtained,and the data from both experiments fitted the same curve(Figure 9). Thus, a 

reduction of 40percentwith respect to the maximum irrigation increased irrigation water 

productivity by12 percent 

 
Figure 9. Relative fruit yield and irrigation water productivity as a function of relative irrigation. Functions obtained from the data of both 

demonstration plots. 

 Net margin and marginal profit as a function of applied irrigation water was estimated 

(Figure 10). Given the yield response function to applied irrigation water, a net margin 

function was defined considering the fixed costs per unit area, the production costs 

varying with crop yield, and the irrigation water costs. Marginalprofit is the derivative 

of net margin respect to applied irrigation water. Deficit irrigation reduces gross revenue 

more than production costs, but the marginal benefit of additional applied water is 

reduced exponentially. The shape of these functions could change under future 
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scenarios, with a possible reduction of olive oil price and an increase of water price. 

Thus, optimal deficit irrigation programs can be defined for different oil and water 

prices. 

 
Figure 10.Net margin and marginal benefit as a function of applied irrigation water. 

 

 

1.3. Lessons learned 
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 Olive is very well adapted to drought, but it responds very well to irrigation, even when 

applied in very small amounts. 

 The response to irrigation is founded on increased vegetative growth (generating a 

bigger tree), which leads to more fruits per tree on the following years. Therefore, if 

rainfed trees are converted to irrigated, pruning must be reduced or interrupted until 

trees reach the desired size.  

 If water is abundant and inexpensive, full irrigation of intensive plantations (meeting 

all of the water needs (ETc) ofthe orchards) is the strategy that leads to maximum 

income, and probably to maximum profits as well. 

 When water is insufficient or expensive (for example due to high energy costs), deficit 

irrigation is the best strategy. The optimal level of applied water can be determined 

using a production function approach, where water costs and olive prices are compared 

to reach a solution that gives the maximum profits. 

 If irrigation supply is limited to a small fraction (less than 50%) of the full water needs 

(ETc), water application must be scheduled to avoid water deficits at flowering and 

fruit set (late spring-early summer) and during the oil accumulation period in the fall. 
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