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Preface

The global environment is changing with increasing temperature apdT@€se are key variables which

affect plant growth, development and functions. Moreoverctimebination of elevated temperatures and the
increased incidence of environmental stesssill probably constitute the greatest risk caused by global
climate change to aigultural ecosystems in arid asgmiarid areas of the worldrid and sendrid landg

are characterized by low and highly variable rainfall, and {ateual variability in the total annual
precipitationln addition, the onsetafai ny season is unpredictable and
from year to year. All these factors strongly limitmpéiry productivity Thus, it is necessary to leeas much

details as possible on how agricultural ecosystems are and will dutealfoy the predicted environmental
changes. The ability to capitalise on the beneficial effects of global change, while avoiding or reducing
adverse effects, will require a strong predictive capability.

Pakistan is one of the countries, which is modherable to climate change and environmental stresses.
Thereforgit is an urgent need to adapt and promote techniques that, without requiring large infrastructures
and investments, could counteractvironmental stresses, water shortageland degradatio, leading to a
recovery of crop productivity. Innovative water management techniques that can mitigate the impact of
different environmental faots on agricultural production are currently available. It is essential that these
systems of water managemémegricultureshould be sustainable.

Olive is the most economically important oil tree crop in temperate areas, with 10.2 million hectares under
cultivation (FAO, 2012), and one of the most social and historically important crops in the Mediterranean
Basinand ends in Pakista®live has been traditionally a ré&a crop, but there has been a large increase in
the amount of irrigationvater used in olive farming, promoted by spectacular increases in yield. However,
most olive production is located in regions where water is very scarce, even for human use. Therefore, the
economy of these regions is calling for a better management pékistan has an immense potential for
olive cultivation. Millions of wild olive plants already exist in various arefdPakistan because of having

most suitable conditiato cultivate finest nest olive varieties. Recent exparvey hasdentified 890000
hectares potential suitable area for productidowever, the weakness of the educatystem as well as
training and technology transfer to promote olive production in Pakistan is the main problem that must be
addressed.

Keeping in view the propeodf olive cultivation in Pakista an nternational training workshop was
organizeéh orderto demonstratand disseminatthe stateof-the-art knowledge and results developwdhe
interactive research on tree cropdth special focus on oliveand waterln addition innovativemanagement
strategies and characterization of olive genetic resources to erthanoaservation and sustainabigeand
ensurethe future of this crop in different climate change scenaneslsaliscussedn the conference

Azeem Khalid
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Welcome Address
by
Prof. Dr. Rai Niaz Ahmad
Vice Chancellor
PMAS-Arid Agriculture University Rawalpindi , Pakistan

It is a matter of gratification and pleasure for me to welcome you all here on this august occasion of opening ceremony
of international training wrkshop onfiSustainable Agriculture Water Management in a Changing Environimént
Special Focus on Olive Tee. It is delightful and honor for me to welconionorable Federal Minister forPlanning,
Development & Reforms,Pre§sorAhsan | gbal , who very graciously <conse
ceremony.

| am grateful to our internationaktégates from ltaly, Greece and Tunisia who came a long way to share their
valuable knowledge and experiences in the field of water management with special refemivee doltivation in
changing climatic conditions around the globe. | am confidenwhhtinternational collaboration we will be achieving
the goal of promoting olive cultivation in Pakistan, which is a long awaited dream of this country spending billions of
dollars on the import of edible oil from different countries.

Ladies & Gentlemen

Pir Mehr Ali Shah Arid Agriculture University, Rawalpindi realizing the significance of interactive learning
pays special attention in arranging workshops, seminars and scientific gatherings for provision of enabling environment
to the scientific commduty to share their valuable knowledge and experiences for advancemecteate and
technology and undertake output oriented endeavors to combat the devastating impact of climate change on agricultural
production and ensure fosgcurity for masses at ga.

Honorable Federal Minister Sir,

We are thankful for your presence and let me share that Pothwar region being at the lower web of economy
needs special attention for its uplifting and resultant contribution to GDP of the country. Pothwar is thedastér
scanty rains, sloping lands barefooted shepherds honking their flocks. Modern agriculture is need of the day for this
region especially to meet the water shortage with practices like harvesting of rainwater and its efficient use for
sustainablegriculture.

To harness the optimum dividends from Pothwar redioere isa dire need of paradigm shift from growing
conventional crops to exotic varieties of vegetable and orchard farming with special emphasis on high value crops.

Honorable Minister Sir,

It is elating me to share t halti Wwe t.Vindairthghéxcitingrthatc e n t |
this declaration of Pothwar as Olive Valley has its roots back in this University where primarily, this idea of declaring
Pothwar as Vay of Olive and Vegetables was floated in front of Federal Minister for Planning, Development &
Reforms here in this auditorium on the evérot er nat i onal semi nar on Koreads New
Developmenback in 2013.

Significance of olive can be revealed as it has been mentioned seven times in the Holy Quran. | will only
guote, where we find integrated approach which covers the entire agricultural cycle.

ifAllah is the one who sends water downrmllkihdsom t he sk
and from them the verdure and we brought forth from it the clustered grains, and from the palm trees

its spathes with bunches of dates, the gardens of grapes, olive and pomegranates, similar and different

look at their fruit when they bear ind their ripening, variety in that their signs for people who

believe (Quran 6:99)

Further the importance oblive is elaborated by our Prophet Muhamniathy the peace and blessings of Allah be
upon him) narrated biazrath Abu Hurairah:

AEat t dileandapply ¥ (cally), since there is cure for seventy diseasé, one of them is Leprosy
(Abu Naim)

Why this workshop is planned on the theme of sustainable water management ahdeheOlive tree has a very
interesting characteristic of hiag its extensive underground roots system that can go above twenty feet deep in soil, so



under water stress environment when most of the trees die, it can survive and continue fruiting for hundreds of years. It
has been said that olive draw water fromavens and bear fruit even after the tree looks as if there is no life left in it.

Ladies & Gentlemen!

Pothwar region by nature has enormous potential for olive production as it has already millions wild olive
plants. This Bthwar region of Punjab aloneas t he wor |l dbés | argest potenti al
production However, question to all of us for its fruit production. Estimates have shown that if 8 million wild olive
trees present in different provinces are converted into productives, then there is a potential of earning one billion
dollars annually

Honorable Minister Sir,

Here | should openly accept and acknowledge that being agriculture scientist myself as well as having a
massive agriculture research infrastructurehan¢ountry we did not pay due attention in the past towards this blessing.
Time has come for extensive efforts to convert import of edible oil to export of olive oil. Pir Mehr Ali Shah Arid
Agriculture University Rawalpindi is coming with silent revolution propagation and mass multiplication of olive
through various projects. We are also a part of mega project initiated recently sanctioned by the Government to promote
olive production in Pakistamarticularly in Pothwar regiorlhe University is also egaged in producing olive nurseries
through tissue culture techniques in our labs at campus besides the conventional methods. | would submit that other
universities and R&D organizations should also come forward and replicate the tissue culture tecimdicatesra
models being developed at this campus for promotiastivé gardening in the country, on war footings.

Ensuring 6od security and key to success especially in high value crops like olive, fruits and vegdtables
would request your goesklf to consider for incorporation of food processing industry in our future agricultural
policies.

Ladies & Gentlemen!

I once again thank our todaybés Chi ef s@Gameidand andGu e st
aboad for their valuable presence here at campus. Let me also acknowledge and amdfedmtef the Department of
Environmental Sciences to organize this international evenbang@artners from CNR Italy for their contribution in
the past as well as fature to promote agriculturespecially high value crop in the country.

Thank youAll and God Bless You

Paki stan Paindobéabad



| naugural Address

by
Professor Ahsan Igbal
Federal Minister for Planning, Developmentand Reforms

ltds a matter of I mmense pleasure to be among the emin
for giving me the opportunity to be part of this gathering and interact with agricultural specialists and our distinguished
guests from Ithan Embassy andpeakes from Italy, Greece, Tunisiand Pakistan. | feel immense pleasure to be
invited to address on the eve of théernatioml trainingworkshop orfiSustainable Agriculture Water Managemiena
Changing Environment with Speciab&uson Olive Treed. Climate change and agriculturea n 6 t be discus
separate forums as both of which take place on a global scale. | understand that being agriculturdbodwsgcyrity
is one of the priority areas for Pakistan and we have to wdrkmyg producing food for our growing natipbut dso
those nations who lacks igrcultural lands.

Let me congratulate here the Vice Chancellor Prof. Rai Niaz Ahmad and his faculty and especially the
Department of Environmental Sciences for organizhig training workshop on water and olive. | highly appreciate the
efforts of the Arid AgriculturUniversity, Rawalpindi to provide interactive learning platform. Such forums are very
constructive in scientific and techmwgjical advancements, especiafiyr sustainable promotion of agriculture in
changing climatic conditions.

Ladies & Gentlemen!

Undoubtedly, he change in behavior of water resources with changing climate is the most serious question to the
sustainability and promotion of agricultural dé@ment. It is important to mention that in thé"iSession of the FAO
Conference fAWater Problems aff ect i ntigeagkrgla. Mareovet, peopde inDe v e |
many countries including Pakistan are deprived of high vahugdtional food. No matter, how much we can do by
ourselves at the national level, whether it be research or development, it is never enough. In a spirit of true cooperation,
we must join in an acticnriented effort at national and international levaistackle and solve the problems for
sustainable agriculture development. So the presence of experts fronGltagce, Tunisiaas well as experts from
differentregionof Pakistan can certainly help provide an effective solution to these problems.

Ladies and Gentlemen!

I am glad that this training workshop is being organized on very important aspect, water and olive. Olive is of
great interest to the people of Pakistan since it has been referred in noble way at many places in the Holy Quran and its
importance has beecertified by the Holy Proph&uhammad (Peace be upon him).

There is a great potential of olive cultivation in Pakistan, especially in Pothwar r€yiee.cultivation is
most suitable for arid and sefmiid areas because the plants ne#tk livater to grow and can also survive under
sweltering heatThe government is fully committed in taking every step to ensure food security. It is notable here that
the olive was first introduced in Pakistan in 1986 under an Italian project "fruit,aBgetand olive", funded by the
Government of Italy. The interest of Italy in promotion of olive cultivation in Pakistan is still continued and this joint
effort of organization the training workshop is evidence of this interest.

Let me share some stdits here. Due tdhigh global demand and rising prices for edible oils in the
international market, Pakistan last year imported edible oil worth $2.5 billion. The import of edible oil may jump to $4
billion by 2016, if Pakistan fails to increase yield f own edible oil. At the moment, total domestic consumption of
edible oil in Pakistan is around 1.9 million tonnes, out of which 1.3 million tonnes is imported. Precious foreign
exchange could be saved if olive cultivation is stepped up in Pakistaneaoduthtry begins producing olive oil to help
reduce oil imports. Sdhere isaconsiderable potential of olive cultivation and its promotion in Paki3tarexploit the
actual potential of olives in Pakistan, developmental alliances across multiple doanaimequired. In prevailing
circumstancedraining workshop like this is highly appreciable for the promotion of olive cultivation through provision
of scientific knowledge and technological adeamentslt is encouraging to know that the Universitydstively
engaged in propagation of olive through tissue culture techniques, | am extremely hopeful that this would supplement
the farming community to promote olive cultivation and improve their livelihood.

Dear participants!

Considering the hugpotential in economic development, the pace of olive plantation on mass level needs to
be enhanced substantially. The recent and advanced knowledge on olive cultivation brought in by our foreign speakers
if replicated in Pothwar may bring about large cteminthe livelihood of our farmerdVe should not only identify the
areas of progression in this fieldffamative strides to harness the actual potential are mandatory. | am glad that Arid
Agriculture University has carried out successful steps fomptimn of olive cultivation and progression in this field. |
will take this opportunity and congratulate the Vigleancellor for his efforts forliwe development in Pothwar area.



Once againl thank the dignitaries and experts from Italy, Greece, Turfa&jstanand Vice Chancelloof
Arid Agriculture University and his Team for giving me an opportunity to speak my heart to you all.

Paki stan Paindadabad



Sustainable management o&gricultural water resources: From leaf physiology
to dryland ecosystem services

Mauro Centritto
Trees and Timber Instite - National Research Coundilia Madonna del Piano 10, 50019 Sesto Fiorentino (FI), Italy

Abstract
Arid and semiarid lands are characterized by low and highly Hatemual variability in total annual
precipitation. Furthermore, the onset of the rainy season is unpredictable andgtte Hen o f the Adr
seasono varies from year to year. Al l these factor
Population growth and predicted climate change are expected to further exacerbate this problem. The
consequences would be a reductioruséble arable land and land productivity, widespread ecosystem
degradation and higher risk of desertification. Drylands cover over 40% of global land area, are home to
2.1 billion people and comprise over Ay47%0%6 af f the w
drylands occur in developing countries, where the livelihoods of the populace depend upon the ecosystem
services sustained by the land. Theraistrong correlation between poverty, development and the health
of the land. Drylands constitute the largest biome on our planet and their degradation influences both the
climate system and atmospheric composition. Drylands are amongst the most feaglefathe globe
and are inherently vulnerable to the effects of poor resource management. Desertification is considered to
be the last stage of persistent land degradation caused by a combination of biophysical and human factors.
There is therefore an gent need to adapt and promote techniques that, without requiring large
infrastructure and investments, could counteract land degradation and water shortage, leading to a
recovery of crop productivity. Innovative water management techniques that caneritigampact of
different environmental factors on agricultural production are currently available. It is essential that these
systems of water management in agriculture are sustainable.

Key words: Agro-technologies; aridityglimate chage; environmeral stress; drylands; irrigation; water use efficiency

| ntroduction

The role of water in food and livelihood security is an issue of major concern in the context of persistent
poverty and continued environmental degradatiater scarcity is increasinglgccepted as a major limitation for
increasing agricultural production and food security in the 21st century. Currently, more than 8gobdfrwater are
consumed (i.e. evapotranspired on rainfed and irrigated land) to feed the current world population, and an additional c.
5000 knfyr* will be required if the population rises to 10 billion in 2050 as reported by IPCC (2014). Curmensty,
of the 852 million of poor people in the world live in drylands/fied areas in developing countries of Africa and Asia.
However, it is estimated that by 2025 one third of the population in developing countries will be facing physical
scarcity of water. iese areas are the rggots of poverty, malnutrition, water scarcity, severe land degradation, and
poor physical and financial infrastructu@urrent and future climate change is expected to increase the threat of water
shortages, further worsening thatercrisis especially in developing countries ahoeatening livelihoods particularly
in arid areas.

The global volume of green watgarecipitation stored in the spivailable for food production is almost three
times greater than blue watéirom rivers, lakes, and aquifersfowever, further increases in agricultural water
requirements can be expected due to rising incomes and dietary changes towards higher meat consumption. Global
climate change and altered incidence of pests, diseases and wiedisowioticeably impact upon future global food
production. Crop production is negatively affected by rising temperatures and declines in regional soil moisture. As the
availability of fresh water and arable land are approaching their limits this aié tsevere consequences for
productivity. During the | ast century, the rate of inc
was higher than the growth rate of the world population. Presently, about 16% of the 15 mifliohtkeland surface
covered by cropland is equipped for irrigation. Thus a higher efficiency of blue water use is fundamental to not only
fulfil future food demand, but also to alleviate the malnutrition of at least 850 million people. However, crucial question
are fito what extent wil/l cropland have to be expanded
growing world population, and hothe requirements for additional land and water barminimized through better
management of existing cropa n d 0 .

Increasing demand for domestic and industrial water use is likely to reduce the water available for agriculture,
intensifying the need for an improvement in the efficiency of water use for food production. It has been calculated that a
1% increasen crop water productivity would make available make an extra 24 litres a day per head of population,
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while a 10% increase would equal current domestic water consumption. Thus, any increase in agricultural water
productivity will save a significant amounf water, and increasing availability for other agricultural, industrial and
urban uses. In this regard a concerted and coordinated effort is required to improve the water productivity of agriculture,
that is the o6crop per finigatoop Smprovingiccop watier usegeffitiehoy, ared finfpriowing then ¢ y
productivity of dryland (raiffed) cropping systems in watbmited environments.

Drylands

A number of studies have highlighted the processes and effects of land degradation on both the sustainability
of dryland ecosystems and social systems. However, the convergence of poor land management with climate change
(i.e., rising temperatures, enhadogvapotranspiration, increased incidence and magnitude of drought alongside other
extreme weather events), unsustainable use of resources and population growth are posing disproportionate threats to
the socialecological systems of drylands around theldioFhe impacts of these biophysical and socioeconomic factors
are becoming more intense and perpetuate the vicious downward spiral of resource degradation and poverty, affecting
the worl ddés poorest peoplewho | argely depend on natur a

Major glabal concerns are the surge of watglated crises and runaway global warming. New evidence shows
that climate change has increased evaporation from water bodies (primarily from seas), and as a consequence
accelerated the global hydrological cycle (IPCQ14). As global warming proceeds, evaporation from water surfaces
will rise due to an increase inthe vapgur essur e di fference between the Eart
terrestrial atmosphere contains only 0.001% of global water). In tusnwthiincrease other components of the global
hydrological cycle, such as enhanced global annual precipitation, in the form of more intense storms and runoff from
the continents into the seas. Altered regional and temporal distribution of precipitdtistramigly affect dryland (i.e.,
arid, semiarid and dry suthumid areas) and temperate areas through the reduced availability of water resources.

Combating desertification is becoming one of the major questions facing society today. Isolated intsrventio
are often ineffective and sometimes dangerous; because the combination of natural and anthropogenic (political, social,
and economic) factors causing desertification vary over space and time, and may be amplifiedby global warming. To
restore the sustaability of degraded dryland ecosystem services, a systemic approach is required at both the local and
global levels. An understanding of ecosystem function and resilience under changing environmental conditions is of the
utmost importance to improved ddois-making and operational activities towards supporting dryland ecological and
social systems, the effective design of restoration programs for degraded ecosystems and the development of successful
adaptation and mitigation strategies at national andnat®nal scales.

Ecosystem approach to combating desertification

As the largest biome on the plant, arid ecosystems play an important role in the regulation of the carbon and
water cycles, protect the resources of the soil and affect atmospheric dionpt®iough physical, chemical and
biological processes. Changes in the structure and functioning of these ecosystems result in alterations to the properties
of the Earth's surface and affect the efficiency of the exchange of water, energy abdt@éznecosystems and the
atmosphere (Bonan, 2008). Due to the higher albedo of deserts than forests and agricultural land, increased
desertification over the past 35 years has counteracted global warming to an equivalent of approximately 20% of the
radiative facing caused the increased global emissions of @©urring during the same period (Rotenberg & Yakir,

2010). At the same time, they have shown that the Yatir forest, a small pine forest planted on the edge of the "dry
timberline" perimeter of the Negeesert (285 mm / year of average rainfall) in the south of Israel, after 40 years of
growth achieve a balance between the heating effect due to the reduced albedo and the cooling caused by carbon
sequestration. The conclusion of the authors is that in atwase scenario, the time required to achieve a net cooling
effect from this type of planting would require around 80 years.

These studies demonstrate the importance of teleconnections between arid ecosystems and the regional and
global climate, but alsthat the key challenge to be faced is the rehabilitation of the areas threatened by desertification
processes by the loss of ecosystem services (Millennium Ecosystem Assessment, 2005).-20%ubfi@rylands are
already affected by desertification. Thenctioning and resilience of these territories and thus the sustainability of
ecosystem services, are increasingly threatened by a number of converging trends that include land degradation, climate
change (temperature increase and greater potential emaggitation, increased incidence and intensity of droughts and
other extreme weather events, etc.) (Centrétoal, 2011) and population growth. The impacts of biophysical
components, operating at different scales, are becoming more intense and toturithe vicious circle of resource
degradation (Khalicet al, 2011). With the intensification of heat waves (Barriopestral, 2011), the occurrence of
megadroughts (Dai, 2011), many drylands could soon reach the point of no return. A transfoimé#tiemprocesses
of desertification (despite having lower rates of biological activity and sparse biota deserts are still ecosystems,) towards
the formation of "dusbowls" that could be irreversible for centuries (Romm, 2011). It is therefore urgegthiokr
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dramatic interventions to combat desertification and prevent at the same time also their degeneration-boa/l&ust
An approach based on restoring ecosystem services (Pegtiajs2011) primarily through the hydrological cycle, is
necessaryo improve the resilience of drylands.

Biodiversity and ecosystem services

There is a close relationship between biodiversity and ecosystem services. Different species-cainahicro
macrceorganisms of biota differ in the method of use and transformation of resources, in their effects on the physical
environment and in their intactions with other species. Therefore, any changes in the composition and abundance of
species will alter ecosystem processes (particularly those that influence biogeochemical cyclesganttrdupbic
interactions, etc.) through changes in the structamdlfunctional characteristics of those ecosystems. This could affect
ecosystem processes sufficiently to alter the services that ecosystems provide to humanity through the purification of
water resources, climate regulation, food production, fuel and riadatenutrient cycle, and soil conservation
(Millennium Ecosystem Assessment, 2005). The greater the variation in the composition and functional diversity of
species, the greater their impact on the functioning of ecosystems and the response of tlyssemects
environmental changes (Chapin & al, 1997).

Recent studies have shown that the loss of biodiversity has already begun to degrade the essential processes
that govern the productivity and sustainability of ecosystems on Earth (Hebpéy 2012). Since the functions of
ecosystems are positively related to interspecific complementarity, that develop over time and result in a high diversity
of species combinations (Rei@t al, 2012), any further loss of biodiversity will accelerate changescbsystem
processes. Arid ecosystems account for 20%e centres of biodiversity and 30% of the endemic birds of the world,
and do not escape from this cawgect correlation between wealth of biodiversity and multifunctionality of
ecosystems. Matreet al (2012) showed, in a study of 224 arid ecosystems that the relationship between the wealth of
biodiversity and multifunctionality of ecosystems grows rapidly with the presence of about five species of perennials,
and that this relationship is ther strengthened by the addition of more species. This is probably caused by mutual
benefits arising from mechanisms of setfjanization (Solé, 2007): a process of "facilitation" (positive feedback
resulting from short range interactions) relations leetw different species of plants specialized in creating micro
environments that help others species to survive, while minimizing the loss of water (which is the limiting resource).
Consequently, "facilitation" between neighbouring plants may act as a nimthahereby a degraded land can again
become a habitat for other species of plant. These studies clearly indicate that not only is the conservation of
biodiversity crucial to the mitigation of the negative effects of climate change and desertificaligtaimds, but that
programs of rehabilitation and reclamation of arid lands must be based on reconstitution of a high degree of biodiversity
to increase the number and quality of ecosystem functions.

The quality and quantity of ecosystem services areeblaglated with the degree of complexity of ecosystem
functions, which in turn are closely interconnected with the degree of complexity of biodiversity. It is worth repeating
that the species composition and their functional diversity mostly influendeirtbBoning of ecosystems, as species
differ in their effects on ecosystem processes or in their response to environmental changes. Contrasting environmental
adaptation amongst functionally similar species confers stability to ecosystem processediffetéle sensitivities
between functionally different species results in ecosystems that are more vulnerable to climatic and environmental
changes (Chapin It al, 1997). It is interesting to observe how the multifunctionality of ecosystems hasdsessaal
in terms of the ability to maintain multiple functions, such as increasing the conversion of solar energy, absorption and
storage of carbon, converting water into biomass (primary productivity net), soil fertility and nutrient cycling. This set
of functions is vital for the rehabilitation of desert areas, but in the absence of a positive impact on the local and
regional hydrological cycle these ecosystem functions cannot guarantee the sustainability and resilience of ecosystems.
It is therefore impdant to note that studies on the correlation between biodiversity and ecosystem function, including
those on arid ecosystems (Maesge al, 2012), have ignored this aspect that is nullified both in combating
desertification and in mitigating climate cige.

Biotic pump and the theory of complementarity

It is well known that evapotranspiration plays an important role in the hydrological cycle as a climate feedback
(Bonan, 2008; Betts, 2011). In a recent study, its impact was quaritifiedms of climate regulation. Anderson
Teixeiraet al (2012) have proposed a metric that considers not only the influence biogeochemistry (carbon cycle)
ecosystems on the climate, but also converting these effects into biogeochemical units (edqti@Alémtfacilitate
guantitative comparison. However, it does not take into account the impact of ecosystems on the hydrologic cycle.
Since arid ecosystems are characterized by the severe conditions imposed by the limited availability of water, the
problemremains that the rehabilitation of arid lands concerns the ability of the vegetation to reactivate the local and
regional hydrol ogi cal cycl e: in essence, Acan the gre
thereby contributingtomr eased rainf all and then cooling to achi eve

7



the fundamental question that research must strive to address. An established theoryregarding the complementary
relationship between the potential evapotransipina(ETP) and the actual evapotranspiration (ETa) (Bouchet, 1963),

and the new and compellinteory of a biotic pump (Figl) induced by vegetation (Makarieva & Gorshkov, 2007),

may provide an interesting framework for research in this field.

The hypotlesis of a complementary relationship between ETP and ETa (Bouchet, 1963) argues that in the
absence of a strong environmental disturbance and assuming constant energy supply there is a complementary
mechanism of feedback between ETP and Eta over regicalassVhen the availability of water becomes limiting, the
ETa falls below the ETP, and when energy input is constant this results in an excess of energy in the form of sensible
heat and / or longvave radiation, which increases air temperature and inléas to an increase of the ETP in the
same order of magnitude of reduction of the ETP. In the face of an increased availability of water, the reverse process
occurs: the ETa increases and the ETP decreases. As water availability increases, the tremgpiagtion parameters
converge towards one another to produce a humid environment (ETW): ETP = ETa = ETW. Then the ETP ceases to be
an independent cause (a climatological function) as it is linked to the prevailing moisture availability.

Ocean winds Winds drive
spread moisture moisture over
inland the ocean
. = s
Wind f Wind

CONDENSATION

" .‘A.'..'.‘.‘"-'S:

FORESTED COAST FORESTED COAST

Figure 1. Pump biotic created by the forests that push moisture over thousands of
kilometers inland (Makarieva and Gorshkov, 2007). Source: New Scientise009

The possibility of a convergence in arid areas of the ETP and ETW, following involves not only a cooling
effect of the regional climate, as demonstrated in the case of the forest Yatir (Rotenberg & Yakir, 2010), but also an
increase of the local and regamainfall. This implies that forests can recycle the rain. For example, approximately half
of the precipitation that falls on a tropical rainforest is produced by transpiring trees. This helps to maintain thie moist a
above the forest resulting in a gter ETa and a lower ETP. Sea winds can spread the moisture inland creating more
rainfall. The biotic pump theory claims that forests can create winds that pump moisture within continents (Makarieva
& Gorshkov, 2007). The primary mechanism of the biotimpus generatduy the coastal forestsince the amount of
water vapor evapotranspiration from these forests is greater than the amount evaporated from the sea, it leads to a more
rapid condensation resulting in low pressure over the forests. This losupgds replaced by moist air from the sea,
thus facilitating the transport of moisture thousands of kilometers within continents. In the case of coastal deforestation,
the exact opposite would happen. Despite the biotic pump being predominantly adbiyatedstal forests, similar
mechanisms may operate in mountainous areas and in all conditions that trigger the circulatory movements of air.
Furthermore, irrigation systems, introducing water into the system, have a positive climate regulation (Anderson
Teixeira et al, 2012), contributing to the convergence between the ETa and ETW, and can play an important role in
driving the pump biotic. The primary goal remains the assessment and rehabilitation of arid lands / deserts, through
programs of replanting, taral irrigation and by creating extensive forests from the coast, which can contribute to the
restoration of the hydrological cycle.

Dry agriculture

Globally 70% of the agricultural land is raied, and it contributes about 62% to the global food pctdn.
Thus, rainfed agriculture plays a crucial role in achieving food security. The challenges of poverty and food security
with looming water scarcity cannot be met by irrigated agriculture alone, and major gains have to come through
upgrading rairfed agriculture, as recently shown by the comprehensive assessment of water management in
agriculture. By upgrading rainifed agriculture in arid and sarid areas the efficiency of green water for food
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production can be substantially increased and pressubdue water for food production can be reduced. However, in
arid and semarid areas, rainfall distribution and poor management aggravates water scarcity for crops, resulting in low
rainwater use efficiency. Rainwater largely escapes from the soilsntmsphere through unproductive evaporation.
Large water productivity gains could be achieved in-fath areas by changing vapour flows through productive
evapotranspiration (i.e. green water). This requires developing appropriate strategies that gnsemeatan of water
resources through rainwater conservation and harvesting as well as improved farming systems.

It is evident that watescarce countries are not able to meet their food requirements using the water resources
available within their boundaries. Maximizing water productivity, and not yield per unit of land, is therefore a better
strategy for farming stems in areas of water scarcity. Agronomic increases in crop production may arise from early
sowing enabled by minimum tillage, increased fertiliser use (especially nitrogen), weed control, and crop rotations to
improve weed control, minimise disease rigkd increase nitrogen availability. Analysts suggest that at least half of the
increase in rainfaluse efficiency can be attributed to improved agronomic management. Most of the agronomic options
for improving water use efficiency in rafied agricultual systems decrease water losses by soil evaporation, runoff,
throughflow, deep drainage, and competing weeds, thereby making more water available for the crop. For instance, in
arid-type environments, 360% of the evapotranspiration of wheat may be dssevaporation from the soil surface. If
the evaporative component of total evapotranspiration could be transpired, growth andseatéficiency of crops
could be increased. Early sowing, increased fertilizer input, planting density and reduced towkah increase
early growth have been shown to decrease the evaporation fraction of evapotranspiration. The adoption of agronomic
procedures such as those mentioned, in conjunction with new cultivars, has the potential to increase yield and rainfall
useefficiency of dryland crops. Genotypic increases in productivity may arise from selection for early vigor, deep roots,
increased transpiration efficiency, improved disease resistance, and high assimilate storage and remobilization.
Mat chi ng a logyrtwi érwirorpnbng is the most important determinant of aamwellnaged cr ops
economy.

In areas of water scarcity, the major need for development of irrigation is to minimize water use. Effort is
needed to find economic crops using minimal wate use application methods that minimize the loss of water by
evaporation from the soil or percolation of water beyond the depth okzomat and to minimize losses of water from
storage or delivery systems. During the current period of dramatic chandasater resources uncertainty, there is a
need to provide support and encouragement to farmers to move from their traditionabtegllemand cropping and
irrigation practices to modern, reduced demand systems and technologies. Water demand mahaggaghimost
attention to irrigation scheduling (when to irrigate and how much water to apply), and given minor roles to irrigation
methods (how to apply the water in the field). Many parameters like crop growth stage and its sensitivity to water stress,
climatic conditions and water availability in the soil determine when to irrigate or thallsd irrigation frequency.
However, this frequency depends upon the irrigation method and therefore, both irrigation scheduling and the irrigation
method are irdr-related.

Improvements in localized irrigation systems, aiming to reduce the volume of water applied and increase the
water productivity, include: a) the use of migprayers in high infiltration soils, b) the adjustment of the duration of
water appliation and timing to soil and crop characteristics, c) the use of appropriate filters to the water quality and the
emitter characteristics used, d) the adoption of careful maintenance, automation, fertigation (efficient fertilizer
application) and chemigat (easy control of weeds and soil born diseases).s8dace drip irrigation is a low
pressure, low volume irrigation system that uses buried tubes to apply water. The impact of the water saving irrigation
practices (DI, partial rootzone dryingPRD) wil be assessed comparing performances with those of -EIQ%
irrigated plants in terms of WUE, but also monitoring physiological and biochemical stress parameters, and fruit quality
indicators Centritto et al, 2005; Tahi et al, 2007. DI and PRD are apipd under critical growth stages for the
improvement of WUE and qualitatisguantitative aspects of fruit productiofiahi et al, 2007 Aganchichet al, 2009.

DI and PRD are sustainable approaches to cope with water scarcity since the managed witdefadefir water

saving, control of percolation and runoff return flows and the reduction of losses of fertilizers and agrochemicals; it
provides for leaching requirements to cope with salinity and the optimization approach leads to economical viability.
The adoption of water saving irrigation practices implies appropriate knowledge of crop ET, of crop response to water
deficits including the identification of critical crop growth stages and of the economic impact of yield reduction
strategies.

Supplemental irrigation is used in arid zones by applying small amounts of irrigation water to crops that are
normally grown under rainfed conditionsdvances in irrigation techniques and scheduling may further optimise water
use efficiency (while preseing and even improving yield characteristics). Irrigation techniques and their scheduling
have conventionally aimed to achieve an optimum water supply for productivity, with soil water content being
maintained close to field capacity. This is commonly Hase soil moisture measurements or water balance modelling.
Localized irrigation is widely recognized as one of the most efficient methods of watering crops. Localized irrigation
systems (drip irrigation, micrsprayers) apply the water to individual pkly means of plastic pipes, usually laid on
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the ground surface. With drip irrigation water is slowly applied through small emitter openings from plastic pipes with
discharge rat¢ 12 I/h. With micresprayer (micresprinkler) irrigation water is sprayeder the part of the soil surface
occupied by the plant with a discharge rate of 12 to 200 I/h. The aims of localized irrigation are mainly the application
of water directly into the root system under conditions of high availability, the avoidance ofagags during or after

water application and the reduction of the water application cost (less labor).

Water Harvesting (WH) systems provide unique opportunities for strengthening water security through
scientific rain water harvesting and watershed mamamnt. New systems to harvest water are applied to use runoff as
the source of additional water. New fully mechanized systems have been adapted to different soil types and have been
able to rehabilitate large areas of arid and sanai lands. However, baase the fully mechanized system does not
require the involvement of rural communities, in many areas the results were not sustainable and with time the
microcatchment basins were abandoned. To overcome this problem, other systems to harvest watgtheqadtine
participation of the rural community to produce mirinches microcatchments (trench, miginches) were adopted.
In the trench systems runoff was collected in deep trenches shaded by trees, to grow crops (fruit trees for dry areas, e.g.
olive, deciduous fruit, etc.). Harvesting runoff water between two adjacent lines of trenches and storing it in the lower
lying trench is a novel concept. Due to the geometrical properties of the trench and the fact that the canopy of the trees
coversthetrec he s, the | oss of water during and i mmediately
water was available to the crops. The ntiehch system is a semiechanized WH technique and requires the active
involvement of the rural community: grawering the local communities, through intensive capacity building programs,
is an essential preequisite for the sustainability of this WH techniqgdeh e t er m Awat er harvest.i
includes all aspects of the systematic collection of rugefiierated in the field and stored in the soil profile for
agricultural purposes. Usually the collected runoff water is conveyed to microcatchments, i.e. ponded water in dam
surrounded plots, in which the crops/trees are planted. The vegetation witlgirplbisshas significantly higher water
availability than the same type of vegetation growing outside these basins.

Drought stress is a complex syndrome, involving several climatic and edaphic factors, and is characterized by
three major varying paramesgertiming of occurrence, duration and intensity. The general complexity of drought
problems is often aggravated under arid conditions, by erratic and unpredictable rainfall, the occurrence of high
temperature, high levels of solar radiation, low soil figytand increasing salinization. The resulting large variability in
the nature and occurrence of drought stress and the insufficient understanding of its complexity have made it generally
difficult to characterize the traits required to improve plantqrernce under drought, consequently limiting the use of
a traitbased approach to enhance plant drought tolerance. It is well accepted that the complexity of the drought
syndrome can only be tackled with a holistic approach, integrating physiologicaitidissaf the resistance traits and
molecular tools that identify the genes, proteins and metabolites involved in plant resistance mechanisms, together with
high-throughput and precision practicaofeto & Centritto, 2008Centrittoet al, 2009; Flexagtal., 2013) This will
lead to better conservation and utilization of soil moisture, and to a better matching of plant species/genotypes/landraces
with the environment, including the soil microbioma. This basic knowledge is essential to characterisssigtamice
traits, and consequently to develop effective actions for combating aridity and desertification processes, and mitigating
the impact of global change.

The key issue in combating | and degr adadpdancthtreas)n ar i
with high agreecological potentials, to be integrated in either farming systems or ecosystem management, that make
improved use of areas affected by erratic rainfall, drought and other associated stresses. The area of investigation on
fiki mate proofodo plants is stildl rather novel because th
variability in water use of plants growing in arid environmetitss necessary twalorize the germplasm/landraces
(grown in areas here they have advantages of adaptation to harsh conditions and as a consequence are able to
withstand heat, salt, and drought) adapted to aridity through a combination @hfiglghput phenotyping for drought
resistance and improved water use efficiergnetic and molecular approaches. Similarly, it is important to develop an
accelerated route for producing new germplasm with enhanced drought tolerance whilst maintaining biomass
productivity and quality in water scarce environments and in marginaémriyonments unsuitable for food crops.
Molecular research and genetic enhancement of asdded traits will improve efficiency of selection for resistance to
drought and other abiotic stresses.

Quantitative assessment of plant growth and optimizatiarrightion require the retrieval of real time data
relating to crop condition and sensitivity to water stress. As a consequence, it is of paramount importance to improve
noninvasive methods to monitor physiological traits, plant growth as well as pldnsal water status. The use of
fresh water at farm scale can be significantly reduced through developingffeative management of irrigation
equipment detecting real time crop physiological status;veatiér availability, and local climatic conditis. To this
end, a very broad and interdisciplinary approach is used for the development of technological tools and automated
systems. This implies application of higkerformance technologies: raahe, norinvasive sensors to detect soil and
plant waterstatus, agraneteorological technologies, last generation information and communication technology control
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systems, remote sensing and geographical information systems technologies €Malrjr2014; Sunet al, 2014).
Furthermore, major progress hashenade with the use remotely sensed vegetation indices to assess physiological
traits associated with plant water status.

Conclusion

The fight against aridity and desertification must be addresstedan approach based on the restoration of
ecosystem services aimed at improving the resilience of arid areas. This requires interventions aimed at increasing the
complexity of biodiversity, in terms of both species richness and functional diversity,wigich ecosystem function
depends and thier servicad/ater shortage interacts with a shortage of food, consequently there is real potential for
driving significant international problems. Reducing the use of agricultural water is an aim that requib&sedo
agronomic, physiological, biotechnological/genetic and engineering approaches, which may be collectively described as
6wat er savi Mhgs remuresiacsysteraticridertification of interconnections between the functioning and
resilience ofarid ecosystems, the ecosystem services they provide and the teleconnections in the climate system within
a framework of biophysical and soeé@zonomic changes. The knowledge of the extent of these processes and changes
of arid ecosystems over both shartd long terms, are of the utmost importance to improving the effectiveness of
programs of rehabilitation of degraded ecosystems, rational development strategies and adaptation / mitigation of the
impacts of climate change. Furthermore, the adoption ofdwgal agricultural technologies in different hydrological,
biological and socieconomic conditions is essential to ensure integration of those technologies within diverse regional
contexts and to support the livelihoods of small farmers.
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New challengesn olive orchard management

Sofienne Hammamiand Mehdi Ben Mimoun
Département d'Agronomie et des Biotechnologies Végétales, Institonsbfigronomique de Tunisie, 43,
Av. Charles Nicolle, 1082 TunisMahrajéne, Tunisia

Abstract
Olive was introducednto cultivation more than 3000 years ago. The old traditional olive production
systems around the Mediterranghe main production area is digrmed. The tree spacindepending
on the rain averagange from 24 meters apart (17 trees per hectare}pacng of about 8 meters apart
(155 trees per hectare). Many of the old orchards are also conducted with minimum technical cares
mainly pruning and sometimes only every two years and without any mineral nutrition. And each
traditional production a isusing its own cultivar@uring the last two decadethe olive cultivation is
shifting from this traditional situation to a more completely mechanized orchard with a super high
density (SHD) conducted in hedgerow with drip fertigation, mechanized pr@oipging and hedging)
and harvest. This change is occurring in new olive production,draialso around Mediterranean in the
traditional zones. Only three cultivars (6Arbequi
orchards. This development respsrto the need for mechanization to reduce production costs, respond
to the lack of workers and reduce the time to enter into production.However, better knowledge and
studies are needed to understand this new challenge for the olive orchard management.

Key words: Olive; orchards; challenges; management practices; mechanization
I ntroduction

The olive tree is one of the oldest and the most important crops of the Mediterranean Basin. For thousands of
years, olive tree was conducted in an extensive ptmgtusystem. This system is characterized by the absence of water
supply (rainfed), the low density of plantation, the use of vigorous local varieties and based on family labor. Tree
spacing ranges from 24 meters apart (17 trees per hectare) to 8 mete(dZfptrees per hectare). Minimum technical
cares were provided to the tree, mainly pruning and sometimes it is done only every two years and without any mineral
nutrition. However, from the second half of"26entury, the important socioeconomics ajies and the advances in
agricultural sciences and technology, growing demand for olive oil and plantation in new regions and areas have led to
important changes in olive production systems (FernaBdepbaret al, 2013). In fact, different systems of
intensification of olive tree have been developed: intensive -sgemsive and supéntensive.

Among the different intensification systems, the stiptansive o super highdensity (SHD) production
system is the latest and the most widespread. The most important objectives of this system are to reduce unproductive
period, increase production per unit area and reduce costs by mechanizing all operations (pruning, harvesting, etc).
However, this system of production is facing a numerous challenges in relation with the genetic resources and on the
cultural practices, which can compromise its future. In the last years, important efforts have been deployed to enhance
the management and determine the best practices for this system (Ratlial, 2013).The main aim of this paper is to
give an overview on the progress made on the management of the SHD orchards and the challenges remain to be
solved.

Genetic resources

The SHD orchardsato mi nat ed by a few and traditional cul ti v,
60Arbequinad is the most used cultivar in SHD, but 60ATr
tol erance to the fPeac oedWgor§pedatRosatadl, 20@7aSastal a, n d2 0tlo2 )i.t sO Kroer de
considered in sever al olive growing regions as | ess s

(De la Rosat al, 2007; Godinet al, 2011; Saket al, 2012).

After two decades of experience with SHD production system, some limitations related to the excessive
vegetative growth of the traditional olive tree cultivars, indicate the necessity of developing new varieties with low
vigor. In fact, the use of this type wérieties will extend the productive period in SHD orchards. In the last fifteen
years, classical olive breeding programs were developed in severapaihgcing countries. However, few new
varieties were obtained by these programs, principally duesteetty long juvenile period for the olive seedlings (more
than 15 years) (Fernand&xscobaret al, 2013). In addition, most of the obtained varieties have shown modest results
in comparison with traditional cultivars in the SHD production system (Latvedé, 1986; De la Rosat al, 2007,

Rallo et al, 2008).
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Since the beginning of this century, simple and efficient methods based on cultural techniques and early
selection criteria were established for reducing juvenile period in olive seedlings. tiogdath important advance was
made in developing early selection criteria for low vigor and adapted growth habit to the cultural practices in SHD
orchards (training, pruning and the mechanical harvesting) (Hametaahj 2012). All this progress can irgase the
efficiency of the olive tree programs and shorten the selection procedure.

Density of plantation

Increasing the olive tree density leads to greater interception of radiation, in particular during the period of
orchard development when trees aowaly a small fraction of the ground. As the trees grow, their canopies occupy
more space, and mutual shading occurs (Paettaal, 2007). However, to maximize orchard production, it was
necessary not only to intercept the maximum amount of radiaticsibbmsbut also to optimize the distribution of
radiation within the canopy for maximum production efficiency (Jackson, 1980; Rastr2007). The choice of the
adequate density of plantation and of the row orientation for each variety and environmental conditions will allow the
growers to achieve this objective and also to maximize the productive life of their orchards. In fagothrengithe
growth habit are the most important variety characteristics, which affect seriously the interception of radiation and the
duration of the period without mutual shading between the canopies. Environmental factors, such as soil, temperatures
andsunshine duration, have an important effect on the intensity of vegetative growth and can modify the growth habit
of the tree (Meinzeet al, 2011).

At the beginning, little attention was paid for the choice of the density of plantation in SHD olieeds.chhe
number of tree per hectare, varied greatly for different varieties and regions of olive growing, from 1000 to 2000
(FernandeZscobaret al, 2013). In last year, several studies were performed in order to determine the effect of the
densityofp ant ati on on yield for different cultivars. O0ATr be
most suitability cultivars for the SHD production system (De la Rasal, 2007; Godiniet al, 2011; Larbiet al,
2011a). That is mainly attribudeto their lowest vigor, highest yield and adaptation to different environmental
conditions, in comparison with other traditional cul ti
density due its | owest v i (De la Rasaet alg 2067p lanbiet @lo 2011ay Sdethal, 6 Ar b e «
2012).Recent studies on olive SHD orchards have shown the importance of orientation, row height, row width and
canopy slope to identify combinations that maximize incident solar radiation irtiercegd, thus, productivity
(Connor, 2006). The nortbouth orientation of row ensures the highest interception of the radiation in the SHD olive
orchards.

Pruning and vigor control

For fruit species, we found three main types of pruning: for trairiaxdgruiting and for rejuvenation (mainly
for traditional olive orchards). The application of these types of pruning depends on the tree age, and has different
objectives.

The pruning for training aims to modify the natural shape of the tree durirfgsthgears of the plantation, in
order to obtain the most adapted form for the further cultural practices (spraying, tillage, harvest etc.) and to maximize
the use of the solar radiation. Forming the tree in central axis is considered the most adeth&t®H® plantations.
That consists in fostering the development of one central axe, by removing the other vigorous branches during the first
2 years, until it is became the dominant. However, that is not always easy for olive tree. In fact, the ofiajbviey
cultivars have a strong trend to fibasitonyo, whi ch malk
Recent studies have indicated the possibility of selecting new varieties easy to form in central axe (Heirahami
2012).

The realization of a classical pruning for fruiting in the SHD olive orchards is very expensive. In addition, a
manual pruning may be inefficient due to lack of sufficient knowledge on the process of pruning of olive tree conducted
in hedgerow. The mechizal pruning seems to be a suitable alternative, which can reduces costs, ensure the renewing
of the production structure and adapt the tree shape for the other mechanical operations (harvesting) (Sibbett and
Ferguson, 2005). There are two types of meahani pruni ng: the fitoppingo (reduci
(eliminate part of lateral growth of one or two faces of the row) performed by means of an articulated disks pruner
coupled at the front of a tractor. In spite of the encouraging obta#setis, these practices are relatively recent in SHD
olive orchards and few reports were available about the long term effects of the mechanical pruning on-the yield
components. Further investigations are required to understand the right width of keedgilg t he hei ght of
reach the correct equilibrium between vegetative and reproductive activity in adult orchards, with an architectural
approach (Vivaldet al, 2015). Especially that topping and hedging are the key cultural practices foy Frantiset on
all part of the tree and to harvest mechanically. The actual tendency for SHD pruning is to make the hedging every three
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years on the same side of the tree. So we have one year it is cut at 1.2 to 1.5 m on one side of the tree. Thé year afte
changes to the other side of the tree. And the third year no hedging is done.

Other technical practices were proposed to control the vegetative growth in the SHD olive orchards. Fernandez
et al (2013) have proposed a deficit irrigation strategyeduce vigor in SHD olive orchards, with the minimum
reduction of oil yield and the maximum water saving. In other studies, the use of the Plant Growth Regulators (PGR)
has been tested to modify growth habit and to reduce vigor in hedgerow orchards. tmcBiids planted by different
cultivars, a soil application of 0.1g of uniconazol/tree (a gibberellins synthesis inhibitor) reduces significantlyelive tre
vigor and increase olive production (Avidahal, 2011).

I rrigation management

The high density of plantation in SHD, increase considerably the potential transpiration, which make the
irrigation imperative. That is especially true in the most olive growing regions, where the rainfall does not exceed the
500mm/year. Up to now, the veatrequirements of SHD orchards was estimated using models of water demand in
response to orchard density and canopy volume, and fully provided by drip irrigation (Orgaz and Fereres 2008;
FernandeZ£scobaret al, 2013; Ralloet al, 2013). However, in théast years the excessive tree vigor observed
(important vegetative growth) in SHD olive orchards have attributed in part to the full irrigation. In addition, in the most
olive producingcountries the water resources are scarce. Consequently, the developmeleficit irrigation strategy
in SHD orchards has become very important to increase their sustainability and productivity.

Recent studies have been proposed different deficit irrigation strategies to control vigor and to save 20 to 70%
of water of frigation, with the minimum reduction in yield (Fernanagzl, 2013; GomezelCampo, 2013; Padilla
Diaz et al, 2015). These strategies of regulated deficit irrigation consists on supply the totality of water requirements
during the phases of the growi cycle when the crop is more sensitive to water stress, and reducing or even
withholding irrigation for the rest of the cycle (Fernanéeal, 2013). Thus, is important for olive tree to avoid water
deficits during the bloom, beginning of pit hardenargl from 2 to 3 weeks before ripening, which considered the most
sensitive for water stress (Moriaatal, 2003; Tognettet al, 2005).

Nutrient management

Mineral nutrition management is necessary for the SHD system. During the three firsthesalgettive is to
maximize early vegetative growth using mainly nitrogen. When the orchard starts to produce, it is needed to replace the
nutrient losses due to yield, pruning and leaching by adequate mineral nutrition (Ebah@014). The fertilizabn is
typically done by fertigation and concern mainly three minerals nitrogen, phosphorus and potassium using small doses
over most of the growing season. To control the nutrition program, the leaf tissue analysis is highly recommended and
must be an anmal routine procedure (Freeman al, 2005; Fernandegscobaret al, 1999; Rodrigueet al 2012).

Nitrogen is important for the vegetative growth but a high level of this nutrient may cause excessive growth and reduce
oil quality (Connoret al 2014, FenandezEscobaret al, 2006). Potassium is the main mineral element for olive fruit
growth and during oil synthesis. A potassium foliar spray is used during these periods. A micronutrient which is also
important especially for fruit set in SHD is Bororathis recommended to consider just before flowering and after fruit

set (Larbiet al2011b).

Mechanical harvesting

The full mechanization of olive fruits harvest, in order to reduce the high costs of manual harvest and make
face for the increasing scarcity of the workforces in agriculture, is one of the most important justification of the
implementation of the SHD olévorchards. Different methods and machineries have been proposed to harvest olives
(Sibbett and Ferguson, 2005; Fernaniiszobaret al, 2013).

The continuous harvesting system is considered the most suitable and efficient system for the SHD olive
orchads (Ralloet al, 2013). The straddle harvesters used in this system allows to remove, clean and load fruits into
bins uninterruptedly. This system ensures a high efficiency of fruit removal (more than 90% of the fruits/tree) in
comparison with the trunkhaker machine. However, is necessary to maintain a small size of the tree canopy (height
<4m and width <1.5m), by mechanical pruning (topping and hedging) (Fern&sdebaret al, 2013). Additionally,
the high price of this machine limits its acquisitito the large farms. For the small farms is possible to pay the service
of harvesting for specialized companies or for the large farms which have the harvester machine.
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Conclusion

During the last decades the olive world is changing with new areaegnoh planted with olive and new
cultural practices adopted by the grower. The SHD system is one of the results of this changing process induced by the
lack of workers and the necessity to mechanize almost all the cultural practices. However, thehsdpesitig system
is not simple. It requires a more important investment capital, more water and fertilizer and great deal of skill. It needs
to plant the adequate cultivar in the right site and climate and to have an excellent technical knowledggadalive
agricultural practices adequate for the SHD. All these constraints must be taken into consideration since the quality of
the olive oil and the success of the orchard depend on them.
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Sustainable irrigation scheduling and water quality for olives

Kostas Chartzoulakis
ELGO, Institute for Olive Tree, Subtropical Plants and Grapevines, Agrokipio 731 00, Chania, Crete, Greece

Abstract
Olive trees can grow without irrigation in areas with annual rainfall of@@D mm, but for high yields
irrigation during the dry months is essential. The critical growth stages for water for olive are: 1) the bud
differentiation 2) the flowerig and fruitset and 3) the pit hardening and rapid fruit development. Water
deficits may result in reduced number of inflorescences, production of imperfect flowers, flower drop
and reduction of the fruit set percentage. Furthermore, it reduces the ahooglength, leaf area, leaf
number and next yearso6 yield. Adequate soil water
small or medium production) and the total oil production per plant, while fruit oil content is reduced from
0 to 10%. Irrigation may reduce polyphenol content and increase saturated fatty acids, while K232, K220
values and organoleptic olive oil characteristics are not affected. The irrigation requirements of olive tree
vary according to the cultivar and the growth stage. &ilree is considered as moderately salt tolerant
and recent studies suggest that olives can be irrigated with water containing 3200 mg/l of salt (ECw of 5
dS/m) producing new growth at leaf Na levels of-0.8% d.w. Salt tolerance in olives appears to be
cultivar-dependent and is likely due to control of net salt import to the shoot. High salinity generally
reduces olive yield. Salinity increases or does not affect oil content of the fruit, although the extent of this
reduction changes with cultivar. Fuettmore, NaCl salinity induces changes in fatty acid composition an
increases the total phenol content of olive oil.

Key words: Olive; irrigation; water requirements; water quality; yield
I ntroduction

The olive is xerophytic plant and can grow withaugation in regions with rainfall 406000 mm or even 200
mm. For high production and good growth it requires-800 mm rainfall per year. Since the distribution of rainfall
throughout the year is not uniform and in many areas there are extended greniggthé during summer with intense
evaporation and transpiration rates from the plant, irrigation is necessary.The critical periods for water of olive are a)
the period of bud differentiation and flower formation (Jantiedpruary), b) the period of flowieg and fruit set (in
April-May) and c) the period of pit hardening and rapid increase of fruit (AdBpptember). For the 1st period in
Mediterranean countries the water needs are covered by the rains of winter and spring. When the rains of winter are
limited the irrigation is necessary before the beginning of blossoming (April May), in order to is ensured sufficient soil
moisture at flowering and fruit set. The third period (pit hardening and rapid fruit growth) the water requirements are
necessarily caared by irrigation.

Effects of irrigation on olive

The critical growth stages for water for olive in northern hemisphere are the bud differentiation (January
February), the flowering and frusiet (mid ApritMay) and the pit hardening and rapid fruit depment (August
September). In Mediterranean Basin the adequate soil moisture during bud differentiation is provided by the winter
rainfall, while for the other critical stages of olive, for water irrigation in most cases is necessary. The effects of
irrigation in the growth and production of olive are reported in the Table 1.

Table 1: Effects of irrigation on olive tree growth and production

Reduce the length of root system, reduce the percentage of assimilates towards the roc
shallow root system.

Increase the length of annual shoo growth, increase the leaf area and the leaf number,
the yield of next year.

Flowering Increase the production of perfect flowers and the % of fruit set, in some cultivars 1
fruit set alternate bearing. Water stress cause fruit drop and reduce the % of fruit set.

Increase the size of the fruit (mainly in tsegith low or medium load), increase the numbel

Root system

Shoot growth

Fruit . fruits per tree, increase the total oil production per tree and may reduce fruit oil contt
production 10%)

Olive oil Reduce polyphenol content, increase saturated fatty acids Whie¥ ;o are not affected
quality Rational irrigation do not affect negatively the organoleptic characteristics of olive oil ar

classified as extra virgin olive oils.
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The olive tree presents two phases of growth of new vegetation, intense in spring up to thededinn
summertime, when floral induction takes place, and a less dynamic phase in the fall. The sufficient soil moisture at
these phases influences favorably the growth and the production of olive. Undéedraionditions, root length
densities (RLD) ardow, e.g. 0.177 cm/cm3 to a depth of 1.5m for roots <0.5mm diameter in an area of 4 by 4 m,
centered on trees spaced at 7 by 7m (Fernaedak 1991). Irrigation increase the total annual shoot length (active
growth stage), leaf area and leaf numbeldy{anniset al, 2002). Insufficient soil moisture in spring (March April)
causes production of big number of incomplete flowers and decrease the annual growth resulting in reduction of
production of current and probably next year.

Sufficient soil moistire during annual growth stages (Matime and Septemb@rctober) tends to decrease
alternate bearing in some cultivars. Adequate water supply during flowering increase the number of perfect flowers,
while during fruit set increase the percentage of %ait Water stress reduces the number of inflorescences, increase
the production of imperfect flowers, increase flower drop percentage and reduce fruit set percentage. During this period
reasonable amounts of irrigation water should be applied. Undelincegaditions (excessive water, sandy soils)
irrigation during flowering period may lead to soil nitrogen leaching and fruit drop.

Under Mediterranean conditions fruit yield is responsive to water supply and it is of interest to place the yield
of rainfed olive in the perspective of yield achievable when fully supplied with water (Moeiaag, 2003). The
response depicted in Fig. 1 summarizes irrigation treatments applied for 4 years ige@r @@ orchard of cv
6Koronei kil o at Me s s ar aet al,@992).t Glive yighkr desgay -@urvi{in€an eelatiorstoputd a ki s
orchard evapianspiration (ETc) with a-Bld increase over the range 3@%0 mm. The irrigation increases the
production mainly by increasing the number of fruits per plant and less the size of fruits. In most cases also increase the
oil content of the fruit and filly increase the total oil production per tree. On the other hand irrigation delays
maturation (gradual color change and high oil content is reached later). Satisfactory irrigation increases the production
(final) olive oil per tree until 70 % (M.O. 388%) depending on soil type and the situation of plant. The irrigation
should stop in October in order to have a period for the maturation of the fruits.
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Figure 1. Relationship of vyield (t/ha) to Figure 2. Relationship between maximum Pn anc
evapotranspiration f o predawn leaf water potential during the drought
(Chartzoulakis et al, 1992) cycle (Chartzoulakiset al, 2000)

Olive oil quality is also affected by irrigation. Phenolic compounds of olive oil appear to be the most
influenced by irrigation, with the effect varying with the amount and time of water applied to the trees (including the
type of irrigation managementjhe climatic conditions, and the variety (Patueti al, 2002; Ricoet al, 2006;
Stefanoudaket al, 2009). Moreover, water stress influences the organoleptic properties of olive oil and its oxidative
stability. The antioxidant activity of phenolic compuwls is welknown, as is the correlation of some phenolic
compounds with sensory attributes of olive oil, especially bitterness and pungency. More recent research findings
(Servilli et al, 2007; Gralet al, 2014) have reported that the volatile proifeolive oil is also influenced by irrigation
of olive trees.

Defense mechanisms to drought

The olive can withstand long period of drought. The tree is able to slow the onset of stress by control of
transpiration and by water uptake from a widely expiprioot system. The ultimate drought strategy, however, is
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tolerance, the ability to sustain large internal water deficit and maintain sufficient metabolic activity for survival. There
is, therefore, a wide range of morphological and physiological respdhaé can contribute to maintaining internal
plant water status within physiologically acceptable limits by adjusting demand and/or uptake in response to
environment and soil water content. Leaves formed under water stress are more able to contraltitangging
smaller and thicker and having more dense and smaller stomata (Chartzetlalkid999; Bosabalidis and Kofidis,
2002).

The mechanisms that contribute in the drought resistance are a) the osmotic adjustment, i.e. the drastic

reduction of osmotic potenti al (dp) i etalt1999; Dickeidettas, t hat
2003) that is owed to the los$ water from the cell and the increase of production of osmotic active substances. More

than 65% the change of (dp is owed to the activeetproduc
al., 1999; Chartzoulakist al, 2000), mainly mani t o | and glucose. b) The el asti

increases under water stress conditions (Chartzowékils 2000; Dichicet al, 2003). The olive under such conditions
mobilizes metabolic activities for production of substancasititreases the stability of cell walls.

Photosynthesis of watatressed olive trees decreases gradually wider 3 MPa predawat (I
al., 1999; Chartzoulakist al, 2000). The reduction of photosynthesis is closely connected and wittiasure of
stomata (Gioricet al, 1999). Under severe water streds ( MP a predawn Q) olive tree

allowing the olive to continue producing assimilates and distributing them the various parts of the plant, mainly in the
root, creating a higher root/shoot ratio.

The olive has high recovery capacity, following the irrigation, to normal values (Mogtaala 2002). Water
relations parameters recover almost fully overnight aftevatering the plants, while photosynthesis and stomatal
conductance show a 80% recovery (Chartzoulekisd. , 2000) The rapid recovery of w
and RWQ may be associated with the non full recovery of leaf funcionability and the capacity of olive roots to absorb
water (Dichioet al, 1997). Angelopoulost al (1996) reported that the delay in full recovery of photosynthesis after
watering is associateglith the non immediate recovery of nstomatal factors of photosynthesis, particularly of those
linked with the functionality of the primary photochemistry associated with photosystem IlI.

Water application and irrigation scheduling

Irrigation system tdoe used depends on the amount of the available water, the soil characteristics and the
climatic conditions.The irrigation water can be applied using various traditional surface methods, like basins and
furrows. However these methods require large watepl@s, which usually are not available, high labor cost and have
high losses of water during application. In case that these methods are appliedgdtions per month during June
July-AugustSeptember can meet the water requirements of olive.

Localized irrigation is usually the most appropriate irrigation method for olives since it ensures high soil water
availability, efficient water use (efficiency up to 95 %), reduced labour cost (can be automated), easy and efficient
fertilizer application, redeed salinity hazards, can be used on uneven or sloping areas and utilize small water
discharges.

The irrigation scheduling can be based on soil or plant measurements and climatic parameters. The use of
physiological parameters (water potential, stomatastance, etc) requires special devices, usually very expensive and
specialized knowledge. The irrigation scheduling based on soil moisture sensors (tensiometers, TDR, etc) is effective
only in olive groves with homogeneous soils. Is mainly recommendedrribation scheduling to be based on the
climatic data, especially on class A pan evaporation data, which are usually available in most government owned
services. The application of 4 irrigations per each month duringJupugustSeptember is advibie.

The water requirements of olive depend on the use of the variety (oil extraction or table olives) and the growth
stage (Table. 2). The table varieties require bigger quantities of water than those used for oil production. The irrigation
increased e production of cv Koroneiki by 388% and the water requirements are estimated to-2800 ni/ha
under Cretan conditions with a A Pan crop coefficient Kp = 0.3 (Chartzodtkils 1992). The oil content of the fruit
(% dw) in irrigated olives is loweor not affected in most cultivars than in rdé@d. For the Greek table cultivars
"Kal amat a' and ~Amfissis®6 wunder dr i pr0.45r(300036@0t m3than is an A
considered satisfactorily to cover their needs in water (Mi&ig14990).
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Table 2: Irrigation water requirements of olives (litertree per day) under Cretan conditions

. zes Ud
Use of the fruit
MAY JUNE JULY AUGUST SEP OCT
Oil production 30-40 407 50 50- 60 50- 60 40- 60 -
Table olives 40-50 707 80 80- 100 80- 100 60-70 50- 60

Salinity and olive

Olive is considered a moderately salt tolerant plant (Mass and Hoffman, 1977; Rugini and Fedeli, 1990),
although salinity may be a problem in Mediterranean area due to high salt concentration in irrigation water. In
comparison to other Mediterranean treeps, the olive tree is more tolerant than citrus but less tolerant than the palm
tree. The type of salts contained in the irrigation water is also related to the degree of plant damage.dBattplini
(1991), irrigating ong/ear old olive plants, cv Maino, containing either NaCl or NaO,, reported that N&O, was
more deleterious to general growth than NaCl. Guidelines for quality of irrigation water foitrelfageare given in
Table 3.

Table 3: Irrigation water quality guidelines for olives

Irrigation problem Degree of problem

None Increasing Severe
Salinity
EC, (dS/m) <2.5 35 >5.5
Specific ion toxicity
Sodium (g/l) 0.25 0.31.0 >1.2
Chloride (g/l) 0.35 0.41.5 >1.8
Boron (ppm) 1-2

The reuse of reclaimed wastewater is a potential and cost effective source for irrigation watergroolig
areas, especially under fresh water scarcity conditions. The utilization of RWW to irrigate olive orchards have been
practiced in many Mediteanean olive growing countries (Paledel, 2006; Segaét al, 2008; Bedbabist al,, 2010).
Since the olive oil is consumed after olive fruit processing, the risk from direct exposure to pathogenic microorganisms
present in RWW is decreased (Paletal, 2009).

Tolerance to salt appears to be cultidapendent. Genotypic responses of olive to NaCl salinity have been
only recently investigated and some works have been published (Beeliadh 1994; Tattiniet al, 1994; 1996;
Chartzoulakist d., 2002; Chartzoulakj22005). The growth of all cultivars tested so far is reduced under salt stress to
varying degrees. A list of olive cultivars tested for salinity tolerance is given in Table 4. It is likely that the toddérance
adult plants grown wier field conditions will be different than that obtained with young plants grown in pots.

Mechanisms of salt tolerance in olives are likely due to control of net salt import to the shoot. The mechanism
is located within the roots and prevents salt tiegetion, rather than salt absorption and retention of sodium and
chloride in the roots (Tattinet al, 1994; Chartzoulaki®t al, 2002). The effectiveness of exclusion mechanism
depends on the salinity level. At low and moderate salinity most olivevardtiexhibit a sodium exclusion capacity.

This mechanism seems to work effectively at levels of salinity up to 50 mM NacCl, but it slows down plant growth. At
high salinities in salt sensitive cultivars, Na+ was transported and accumulated to the dsriaggating in toxicity
symptoms. Typical NaCl toxicity symptoms in olives are dead leaf edges, leaf drop and necrosis of stem tip. Toxicity
symptoms appear at exposure above 50 mM inssa@litive cultivars and become more severe at high salinityslevel
(Chartzoulakis, 2005, 2011).

Effects of salinity on olive growth and production

Plant growth, (i.e. shoot length, trunk circumference, total leaf area, dry weight, root length) is inhibited by
moderate and high salinity (Therios and Misopolinos, 188#in et al, 1997; Chartzoulakist al, 2002, BerAhmed
et al, 2008; Pericat al, 2008). The extent of reduction varies significantly according to the duration of salt exposure
and the cultivar. Leaf area is more sensitive than total dry weight.
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Dry matter partitioning is also affected, since the above ground part of the plant is more affected than are roots
at high salinity. The shoot/root ratio is reduced at salinity levels of 100 and 200 mM (Therios and Misopolinos, 1988;
Chartzoulakiset al, 2002. However, Tattiniet al (1995) reported that the inhibitory effects of salinization on growth
and gas exchange ofthesalo | er ant O6Frantoiod, grown even at 100 mM
to the control, once salinization was relieved despite the mad@dralation of potentially toxic ions (Na, Cl) in
leaves. At high salinity levels (200 mM NacCl) plants recovered to only 60% of the control after 4 weeks of relief.

Studies on the effect of salinity on yield of olive trees are few and their resultsistemt. It is generally
accepted that high salinity levels reduce olive tree yield (Gucci and Tattini, 1997; Chartzoulakis, 2085ni&eret
al.,, 2009). In most reported lorigrm field studies, negative effects of salinity on yields were found onlyhwhe
exposure to salts became extreme. Kliral (1992) reported either an increase of 12% (high density planting) or a
decrease of 18% (low density planting) in the yield of Manzanillo trees, irrigated with 4.2 dS/m under field conditions.
Weismanet al (2004) reported that young Barnea olive trees irrigated with 4.2 dS/m water produced 20% higher yield
than those irrigated with 7.5 dS/m. In another field study on 12 cultivars Weigstmdir§2008) reported no significant
effect of séinity on oil yield between irrigation with EC 1.2 and EC 4.2 dS/m as long as upper soil layers (to a depth of
60 cm) were leached so as to maintain less than 6.0 dS/m ECe. Eieidai2009) reported no yield reduction in cv
O6Picual 6 irrigated ieBenAhmddétald S¢{ 2000 @) M©Pe yeratresd wthhat 6 Che
high saline (7.5 dS/m) for two years had 35% lower fruit yield compared with good quality (1.2 dS/m) water.

Table 4: Classification of olive cultivars according to their salt toleance

Resistance Cultivar Country Source

Tolerant Megaritiki, Lianolia Kerkiras, Greece Therios & Misopolinos 1988
Kalamata, Kothreiki Chartzoulakiset al, 2002
Frantoio Italy Tattini et al, 1992; Tattiniet

al., 1994

Arbequifia, Picual, Jabaluna  Spain Benllochet al, 1994; Marinet
Nevadillo, Lechin de Sevilla, al., 1995; Melgaret al., 2009
Cafiivano, Esscarabajuelo,
Hamed Egypt El-Sayed Emtithaét al, 1996
Chemlali Tunisia Bouaziz 1990
Barnea Israel Weismarnet al, 2004

Moderatly tolerant Amphissis, Koroneiki, Greece Therios andMisopolinos 1988;
Mastoidis, Valanolia, Chartzoulakiset al, 2002
Adramitini
Maurino, Coratina, Carolca, Italy Briccoli Bati et al, 1994;
Maraiolo Tattini et al, 1994; Bartoliniet

al.,, 1991

Aggezi, Mostazal, Toffahi, El-Sayed Emtithaét al, 1996
Wardan
Nabali Muhassan Jordan Al-Absi et al, 2003

Sensitive Chalkidikis, Throubolia, Greece Therios & Misopolinos 1988
Aguromanaki Chartzoulakiset al, 2002
Leccino Italy Tattini et al, 1994
Bouteillan, Nabal Egypt El-Sayed Emtithaét al, 1996
Pajarero, Chetoui, Calego, Spain Benllochet al, 1994; Marinet
Cobrancosa, Meski al., 1995

High salinity does not affect or decreases fruit weight and increases the moisture content of fruits
(Stefanoudaket al, 2001; Weismaeet al, 2004; Ben Ahmeaét al, 2009; Kleinet al, 1994). Salinity increases or does
not affect oil content of the fruit (Kleigt al, 1994; Weismamt al, 2004; Melgart al, 2009), although the extent of
this reduction changes with cultivar (Zarroekal, 1996; Weismaset al, 2004).

There is ittle information regarding the effect of salinity on olive oil quality (Gucci and Tattini, 1997;
Chartzolakis, 2005, 2011). Sheterm results showed that total phenol concentration increased in the olive oil
produced with high NaCl levels of irrigatiomater (Weismaret al, 2004; Stefanoudalkit al, 2009a; Ben Ahmest al,
2009), as has been also reported for water stress (@testj 1994). Increases due to salinity were found in major
phenolic compounds including tyrosol, hydrayybsol, and wnillic, coumaric, and ferulic acids. Fatty acid
composition of olive oil is also affected by salinity (Zarroakal., 1996). Palmitic acid, the major saturated fatty acid
as well as the total saturated fatty acids increase with increasing salt cammemntréhe irrigation water (Stefanoudaki

22



et al, 2001). The ratio of unsaturated/saturated fatty acids was higher in the control and decreased significantly at
moderate and high salinity levels (Zarrouwt, al, 1996; Weisman, 2004). In addition, the iolinoleic acid ratio
decreased as the salinity of water used for olive irrigation increased (€rakti1l994; Ben Ahmeeét al, 2009). These

changes may account for accelerated fruit ripening (Maredwt, 1990). No effect on free fatty acids, peade, or

fatty acid profile was reported by Weismanal. (2004) for O6Barnea6 irrigated w
Polyphenols and vitamin E increased as irrigation water salinity increased from 1.2 to 4.2 dS/m but did not change
further as irrgation water EC increased to 7.5 dS/m.

Management practices under saline irrigation for olives

Management practices must prevent excessive salt accumulation and sodicity in the soil surface and root zone
and control the salt balance in the swedter systm. Irrigation management practices for saline water for -ttees
include proper irrigation scheduling (amount of water and interval), efficient leaching (amount and timing), proper
irrigation method, management of muduiality waters, use of water @oil amendments and the use of arbuscular
mycorrhizae.
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Use of micro catchment rain water harvesting combined with micro irrigation
technique in olive for sustainable water management
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Abstract
Rainwater harvesting structures can be very useful for-agchiand dry, suthumid regions t@nhance
the water productivity. Among the available irrigation techniques, micro irrigation method is one of the
irrigation techniques that can help farmers to produce crops with minimum water resources as compared
to the conventional irrigation method&xperiments were conducted at Barani Agricultural Research
Institute (BARI) where the climate is semiarid subtropical and the annual rainfall varies freh®300
mm. The starting point of rainwater harvesting was to capture rain water where it falls, thiato
catchment rain water harvesting. Three field plots were used to evaluate the performance micro
catchments rain water harvesting techniques on olive plant. Three different shapes; square, rectangular,
and triangular or V shape were constructechv@5% slope for olive plants to harvest rainwater. It is
concluded that micro catchment structures are best suitable to this terrene and only three supplement
irrigations were required for olive plant through drip/bubbler irrigation system. Total watdrement
of the olive tree is 650mm/year. Average effective rainfall of 2013 and 2014 was 594 mm from which
505 mm (85%) was used by olive plants in micro catchments. The remaining water (145 mm) was
applied through supplemental irrigation using bubkdggation method, which again saved 60% water
as compared to flood irrigation method. Yield increase-6#8was also recorded in micro catchment
rainwater harvesting structures. Therefore by constructing micro catchment structure we can save the
water ofirrigation while drip and bubbler irrigation can be used as supplement irrigation technique in
micro catchments.

Key words: Rainfed; rain water harvesting; micro irrigaticoil moisture

Introduction

Rainfed agriculture provides nearly 60%of global faadlie on 72% of harvested land whereas about 70% of
the worl dbébs poor people live in these areas where 1liwv
better crops and management of soil, rainwater, soil moisture, and supplemegdioirriare the key factors to
improve land and water productivity and livelihood of these areas (Altesl. 2006; Passioura, 2006). Olive is a
droughttolerant tree which is usually grown in areas with a Mediterranean climate that receive more than 8560
annual rainfall. However, olive growing in Syria has now expanded into drier areds3(B0thm annual rainfall)
where irrigation resources are limited (Tubeikghal, 2009). Rainwater harvesting structures can be very useful for
semtarid and drysub-humid regions especially as water scarcity is caused by extreme variability of rainfall rather than
the amount of rainfall. Under such conditions, with high rainfall intensities, few rain events, and poor spatial and
temporal distribution of rainfalleven if total rainfall is adequate, water losses are very high, thus leading scarcity
(Rockstromet al., 2009).

Water productivity can be enhanced by (i) improving the production per unit of water consumed, or (ii) by
maintaining the same production while reducing water use (kijred, 2003; Rijsberman, 2006). So in order to meet
desired water requirements, thé&e need to manage rain water and practice the irrigation techniques that can help to
conserve more water and to minimize the water lo§d&re are many available irrigation techniques that can be used.
Among them, micro irrigation method is one of fhégation techniques that can help farmers to produce crops with
minimum water resources as compared to the conventional irrigation methods.

Materials and methods

The experiments were conducted at Barani Agricultural Research Institute (BARI) located w2°
longitude, 32° latitude and 575 m altitude in the district Chakwal, Pakistan froma22043 The climate of Chakwal is
semiarid subtropical and the annual rainfall varies fromB0@ mm most of wibh falls during monsoon (Fiy) in
the form of high intensity showers. The area also receives winter showers of lesser intensity during December to
February. Rainfall if not managed, it quickly evaporates or runs as flash floods into saline sinks. Thus, the starting point
of rainwater harvesting is twapture rain water where it falls for purposes of meeting the water needs of that area.
Rainfall data for the last 37 years (192@14) was collected to investigate the rain water collected and consumed by the
olive plants by establishing micro catchmeaihwater harvesting structuredaximum rainfall occurs during July to
September. One of the reasons for the poor utilization of rainwater in rainfed areas like Chakwal is the high
concentration of riafall over a few months (Fidl). About 60 percent ahe rainfall is received during the soutkest

25



monsoon period of June to September (Table 1).Even this does not fully reveal the concentration of big spells of rains.
As a result, the soil saturates, and much of the water flows away if no structuresdar®roheck this flow.
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Figure 1. Rainfall Pattern of Chakwal District (1979-2014)

Total Rainfall (mm)

The uneven distribution also creates a situation of long dry periods when cropping is difficult if water is not
retained or made available in some other way. In Octabdr November, the weather becomes relatively dry and
humidity decreases to some extent. Due to winter rains, the weather becomes more humid; maximum mean relative
humidity (75%) was recorded for the month of February.

Table 1: Distribution of Rainfall by Season in Chakwal

Rainfall Duration Annual rainfall (mm)
Pre Monsoon March-May 20
Southwest Monsoon JuneSeptember 62

Post Monsoon OctoberDecember 7
Winter or north east JanuaryFebruary 11
monsoon

Total Annual 100

Source:Met observatory at Soil and Water Conservation Research Institute, Chakwal, Pakista2014@)79

Rainfall if not managed, it quickly evaporates or runs as flash floods into saline sinks. Thus, the starting point
of rainwater harvesting is to capture raiater where it falls for purposes of meeting the water needs of that area.
The soils of the experimental area (BARI) are piedmont alluvial plains order: ALFISOL belongs to therpal/satwal/kotli
series. The P.H of the soil varies -B&nd field capacity fathe experimental area varies from-18% by volume and
permanent wilting point varies from%P6 by volume. The soil contained sand-8&8%) followed by silt (4%68%) and
clay (8%) and could be classified as sandy loam (Abtal, 1989). Soil charactistics of micro catchment structures
are given in Table 2.

Table 2: Soil characteristics of the nicro catchment structures

Characteristics 0-0.15m| 0.15-0.3 m
EC (d5m) 0.3 0.25
Organic matter (%) 0.6 0.33
N (%) 0.8 2

P (ppm) 5 3.4

K (ppm) 138 132
Sand (%) 60
Silt (%) 30
Clay (%) 10

pH 7.68 7.79

Establishment of micro catchments:

A micro-catchment is a specially contoured area with slopes and berms designed to increase runoff from rain
and concentrate it in a planting basin where it infiltrates and is effectively stored in the soil profile. The water is
available to plants but pret¢ted from evaporation. Three field plots were used to evaluate the performance of micro
catchment rain water harvesting techniques on olive (BARI ZAITOON 1) with 18 ft x18 ft plant spacing. Three
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different shapes; square, rectangularg &iangular or Vshape (Fig2, 3 and 4) and sizes of microcatchments were
constructed with $% slope (Table 3) for olive plants at experimental site (BARI), to harvest rainwater.

Table 3: Characteristics of different shapes of micro catchment structures

Avg Avg Avg Avg
Shape catchment cultivated C/CA Soil type plz_;mt Plant Avg.o Slope
07 area CA height | canopy (%)
aea €M | (m) m | (m
V 20 4.6 4.3 Sandy loam 4 1.2 3
Square 28 4.6 6.5 | Sandy loam 3 1.2 2
S 5
g3
x @ 23 4.6 5.0 | Sandy loam 4 1.2 4

Datacollected in this study included two major components. These are the catchment area (CA) which generates runoff,
and the cultivated basin (CB) where the runoff is concentrated, stored and productively used by plants and also the
C/CA ratio, Average plantdight and canopy (m) and Average slope (%) from each shape of micro catchment structure.
micro catchments and is suitable for uneven terrain (Table 3).

T =

Figu

Figure 3. Square shape micro catchment structure
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Figure 4.V shape micro catchments

The relationship between the catchment area and the cultivated ateamsnof size, determines by what factor the
rainfall will be multiplied (Table 3). For a more efficient and effective system, it is necessary to calculate the ratio
between the two if the data related to the area of concern in terms of rainfall, ruthaffognwater requirements is
available (Moges, 2004).

To monitor soil moisture, three sets of gypsum blocks were installed at three different depths (0.3 m, 0.6 m, 0.9
m) and monitored the behavior of moisture contents in three depths in three diffexpes i micro catchment
structures for two years (2013 and 2014). Before the installation of gypsum blocks in the field, they were first calibrated
by soaking them in the soil tray for three days and continuously taking the data of moisture contentithlong w
resistance, and then by using this set of data, chad&quations were drawn (F&), between resistance and moisture
contents. And these equations then were used to monitor moisture contents in the micro catchments.

40 - y = +45.779.85x
~= 30 -
S
(2) 20 -
10 -
0 T T T T 1
0 0.5 1 1.5 2 2.5
Resistance (i 0

Figure 5. Charts and equation drawn from gypsum block data

Results anddiscussion

In 2013, 823 mm rainfall is received and in 2014, 7@ rainfall is received (Fig6), that createc large
number of runoff. Fig.6 shows the rainfall distribution pattern in bogharsThe success or failure of rainwater
harvesting depends to a great extent on the quantity of water that can be harvested from an area under given climatic
conditions. The threshold retention of a catchment is the quantity of precipitation requmgidte runoff; it depends
on various components such as surface storage, rainfall intensity, and infiltration capacity. Table 4 shows the catchment
area and water harvested from different shapes of micro catchments.
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Rainfall pattern in 2013 and 2014
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Figure 6. Rainfall distribution pattern in 2013 and 2014

Table 4: Runoff rate (Iph) and volume of rainwater harvested (liter) of different micro catchments

Shape of Micro

Catchment area

Vol.

of rain water

Rate of runoff (Iph)

catchment (m?) harvested (liter)

Rectangular 23 9154 621
Square 28 11144 756
V-shape 20 7960 540

The above calculations showed that square shape micro catchment structure produces more runoff and
harvested more rainwater in comparison with rectangular and V shape. But to looknadistire status is also very
necessary to decide which shape harvest more rain water.

The soil moisture contents distribution infdifent shapes is shown in Fig.8 and 9 for the year 2013 and 2014. Field
capacity of sandy loam soil is 13% and permameling is 4%, so available moisture content is 9 %. It is reported that
more than 70% of olive roots are located in first 60 cm of the soil (Masnedwadi 2007) .Therefore, effective root

zone depth of olive is 0.6 0.7 m. Total water requirement dfie olive tree is 650mm/year, calculated using
CROPWAT v.8 and was in the range as reported by Orgaz and Pastor, 2005. MAD value for olive is 60% that means if
moisture content reaches to 62 mm then supplement irrigation through micro (drip/bubblatipirrgystem should

apply. Moisture distribution charts (Fig 7, 8 and 9) are showing the moisture status along with rainfall (columns) and
arrows in downward direction are the events of supplement irrigations.
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Figure 7. Soil Moisture content distribution in Squar shape micro catchment (a) for the year 2013 (b) for the
year 2014
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Figure 8. Soil Moisture content distribution in V shape micro catchment (a) for the year 2013 (b) for the year

2014
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Figure 9. Soil Moisture content distribution in rectangular shape microcatchment structure (a) for the year 2013
(b) for the year 2014
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By comparing the above charts (Fig. 8 and 9) it is concluded that soil moistures curves touch the MAD line
only at three times that means only three supplement irrigations were required to the olive in winter season. Therefore,
micro catchment structures are best suitable to this theeause they generaetde and harvested water more and only
three supplement irrigations were applied to olive plant through drip/bubbler irrigation system when compared with
control (traditional) structure. In controled structure less rain water storde isoil profile and consequntly more
irrigations were applied. The soil moisture contents in the above charts (Big@and 9) three times touches the MAD
line in both the years and those events were in winter as there is less rainfall occoured seaguter

Constructing microcatchments among the olive trees utilized 85% rainwater effectively and saves 88% of
water through supplement irrigation using bubbler irrigation method (Tablédsitrol practice consumed only 45%
(265 mm) of rainfall Averageeffective rainfall of 2013 and 2014 was 594 mm from which 505 mm (85%) was used by
olive plants in micro catchments. The remaining water 145 mm was applied through supplemental irrigation using
bubbler irrigation method, which again saved 60% water as a@do flood irrigation method. In square shape micro
catchment large amount of rainwater was stored; therefore less amount of supplement irrigation was applied in square
shape as compared to V shape and rectangular shape micro catchments(éT&kp.

Table 5 (a): Amount of supplement irrigation (mm) and water saving as compared to flood irrigation method for

the year 2013
V SHAPE
Irrigation Date Irrigation Water applied Water applied Water saving
event Amount with bubbler with flood (%)
(mm) (mm) irrigation (mm)
1 1501-2013 40 53
25-11-2013 39 52
3 2512-2013 40 53
Total 119 159 - 60
Square shape
1 1501-2013 41 55
2 25-11-2013 40 53
3 2512-2013 42 56
Total 123 164 - 59
Rectangular shape
1 1501-2013 41 55
2 2511-2013 41 55
3 2512-2013 40 53
Total 122 163 - 59
Control structure
1 1-01-2013 42 56 105
2 14-3-2013 44 59 110
3 29-04-2013 39 52 98
4 10-09-2013 42 56 105
5 2510-2013 45 60 113
6 10-12-2013 46 61 115
7 2512-2013 42 56 105
Total 300 400 750
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Table 5 (b): Amount of supplement irrigation (mm) and water saving as compared to flood irrigation method for

the year 2014
V SHAPE
Irrigation Date Irrigation Water applied Water applied Water saving
event Amount with bubbler with flood (%)
(mm) (mm) irrigation (mm)
1 2502-2014 39 52 -
27-11-2014 39 52 -
3 27-12-2014 38 51 -
Total 116 155 - 61
Square shape
1 2502-2014 39 52
2 27-11-2014 42 56
3 27-12-2014 41 55
Total 122 163 - 59
Rectangular shape
1 2502-2014 41 55
2 27-11-2014 39 52
3 27-12-2014 39 52
Total 119 159 - 60
Control structure
1 10-02-2014 44 58 109
2 2502-2014 44 58 109
3 10-05-2014 39 53 99
4 8-06-2014 45 60 113
5 28/10/2014 39 52 98
6 27-11-2014 44 59 110
7 27-12-2014 39 53 99
Total 294 392 735

Application of right quantity of irrigation water at right time through an appropriate irrigation method not only
saved water but also increased yieldtloé olive plant. Yield increase of®% was recorded in microcatchments
constructed among olive plants as compared to traditional farraetiqe (Fig.11). As square shape micro catchment
stored &rge amount of rainwater (Fi@), therefore higher yield &s recorded in this shape. Yield increase of 8%, 6%
and 7% was recorded in square shape, V shape and rectangular respectively when compared with traditional practice in
2013 and yield increase of 9%, 6% and 8% was recorded in square, V and rectangalaesgbegively in 2014. The
yield was less in 2014 because of alternate bearing of olive.

Results of fruit yield increase are very relate with Sikal, (2014, that watering through micro irrigation
saves 71% of water as compared to control pra¢tizener practice) in olive. This control practice leads to a water
stress with low water use efficiency despite the high amount of irrigation water applied. Previous studies showed that
the increased production of olives is based on the water useemtfic(Michelakis, 1998) which strongly depends on
soil moisture during sensitive phenological stages (Meratadl, 2012). Nevertheless increasing irrigation quantities
over and above the plant water requirements will not improve yields and will becémaneial burden. It has also
been shown that over irrigation had not induced any beneficial impacts on the olive tree. To the contrary, it can cause
more harm than benefit. Deterioration of the root system and the whole tree due ttoggitey is a vey common
outcome of excessive soil water. Fruit split caused by water swelling is another example of negative impacts from
excessive water application by irrational excess irrigation at the final stages of fruit ripening.
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Figure 11.Comparison of yield increase of olive planted in different shapes of microcatchment structures
from control farmer practice (2013 and 2014)

Conclusion

The study has shown that by analyzing the soil moisture distribution patterns in three shapes#fetienste
depths and comparing it with control structure it is concluded that there was only three supplement irrigations were
applied through micro irrigation system (drip/bubbler irrigation system) in winter season when there was not sufficient
rainfall to meet crop water requirements in micro catchment structures. Even in warm weather, no supplement irrigation
was provided to the plants. Therefore by constructing micro catchments among olive trees save 88% irrigation water
and increase yield from-8 % when compared with traditional practice. Square shape micro catchment structures were
best suited to this terrain because it stored and used large amount of rain water effectively. Micro catchment rainwater
harvesting is the best technique to conservewaier especially in rainfed areas as they are simple to construct and can
be developed easily using local materials and manpower. Drip and bubbler irrigation should be used as supplement
irrigation technique in micro catchments. It is also concludedttrmt gi ve mor e water than pl .
sowing, more water is wasted and in flood irrigation when applying large amount of water it leach down the micro and
macro nutrients and all the minerals desired for plant growth and ultimately the these nutrients and minerals will
effect on olive fruit yield (quantity and quality). Also disease attack on the plant and due to standing water in the field
it damaged the root of the plant.
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Abstract
Land evaluation is a weknown procedure that allows predicting the potential use of the land, and
i t 6s a ingramemt foepanning investiments in the agricultural sector and promote rural
development. The framework for this procedure was conceptualized by FAO since 1976, and
revised under the new advances in information technology in 2007 and 2012, introdeming
ecosystemic approach of Global AgEgological Zoning.The increasing availability otlata
related to land qualitiesand to theresponseof crops along with theavailability of GIS
applications makespossiblean approach t@lanningin agriculturethat takes into account the
different scenariosand helpsto makethe best possible choi€onceptual methodology and GIS
based technical approaches were discussed step by step, under different methods, with particular
focus on the thematic data necessarintplement a land evaluation for sustainable cultivation of
olive tree in Pakistan. Land requirements regarding Climatic, Soil, Topographic parameters and
related suitable/not suitable classes actually used at local/regional and world level are regorted a
considered under the data actually available in that Country. A quantitative transformation of
suitability classes trough Aratingo system is proj
suitability of this kind of crop.

Key words: Landevaluation; GIS; soil, olive, limitations, land requirements

Introduction

Land evaluation may be def i lanegerfamancé whetke lgndisaused fors o f
specified purposeso (FAO, 1985t heomnusas pfoaleint mectdl,od ¢ ah o
1991). Once this potential is determined, laus@g planning can proceed on arational basis, at least with respect to what
the land resource can offer (FAO, 1993). Thus, landevaluation is a tool for strategiséaplanning. It predicts land
performance, both in terms of theexpected benefits from and constraints to productive land use, as well as the expected
environmentaldegradation due to these uses (Rossiter D.G., 1996).The principles of qualitative dlaatioE\for
agricultural use were first established by FAO (1976)
a first revised versiontaintabwldeiciusg tdhe thearslader enpet ofo @ fr ¢ €
georeferened databases (FAO, 1995), and a final revision and upgraded approach (FAO, 2007).

More complex evaluation methods were further developed under an ecosystemic outlook, likediggical
Zoning AEZ (FAO, 1996), and transposed into a GIS model applied at global and regional scales (IIASA/FAO, 2012)
to quantify actual end potential yiel@lobal AEZ). GAEZ uses a quantitative (poorly deterministic) approach by
assigning numerical ratings to several parameters describing soil, climate and other land prépkdieses in
computer technology by database and GIS tools introduced diffiesent and new methods in order to manage land
evaluation in agriculture. Indeed, nowadays we can talk about GIS customized models that follow different approaches,
especially in the a) management of different data sources (soil, land use, climatby elifferent conceptual data
structures and models, and b) spatialization methods and management of the uncertainty of data according to the survey
different scales. GIS applications were developed and used as Decision Support Systems (DSS) arequalitati
guantitative mixed models for land evaluation, as Knowldafzgeed and Automatic systems.

Previous experiences of land evaluation for olive trees in Pakistan

The interest inolive cultivationin Pakistanappearedin the last fewyedrs hasled to the
creationofaninternational cooperation projectwithlthet i t ut o Agr on o mi c titledpfiePrr olmd®@li torne na
the production and marketing of olive oil" funded by the Italian Directorate General for Development Cooperation
Ministry of Foreign Affairs MAE-DGCS), as part of the agreements between Pakistan and Italy. In the context of the
Project,a first land evaluation of the whole Country and of some pilot adebdiétricty was carried ouDel Cima R.

e Urbano F. 2008, 2009)his was a preliminarinvestigation which used only some land characteristics and qualities,

as topographic (slope, elevation, aspect), climate (average annual rainfall, minimum and maximum monthly
temperature); soil data were not used with a direct interpretation of them&wil:250.000 because of the poor level of
information contained in the map | egend, but just the
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taken into account, as a predictor of not suitable area at all (figure 1). All the dataedollese structured as GIS
layers and matched with a Boolean logic. This kind of work could be considered as a preliminary approach, but the
guantity and quality of land information used was too low to obtain results useful for planning this kind otland us

Figurel. Example of maps of suitable areas for the Zhob District according to bare soil, slope, aspect and
elevation land characteristics (afterUrbano F. and Del Cima R., 2009).

The principles of land evaluation

Despite further studies have moved towards quantitative and deterministic models of land assessment and
have so made FAQOO6s initial approach outdat etdl, 2809din super
the present paper we will adopt FAG mo d e | as it is a quite simple metho
how the crop characteristics and the land properties interact in determining the productive performance.

Indeed, whichever is the methodology adopted, the land evaluatioistsoinsthe attempt to predict, by means of a
more or less deterministic model, how the crop will suite to land characteristics (some of which can be modified with
farming practices) as well as it will respond to human input.

Therefore, for the purpose nfral development and planning in agriculture, it is important to spend efforts in acquiring
and organizing highevel knowledge of both crop behaviour and of land properties.

FAO6s approach to | and eval uat i o rativé methédgisbadeed n briefaos folr ot h
main steps:

1) Establishingherequirement®f theland utilization typgLUT) of interest

2) Mapping the land unitg the area to be evaluated and assesguhktiesof each of them

3)Comparingr UT6s requirements with Idegreaof matchidgihich leasls talassify det er
the land units in current suitabilifgr the LUT

4) Evaluating theotential suitabilit aftermajor improvementshave been completed where necessary

This approachhasageneral validityandcan be adapted toall possible typesofLUTSs.

STEP1:Est abl i shing the LUT6s (olive trees) requirements

Establishing theequirement®f a genericropmay concern:

1. Conditionsaffecting crop growth and productivityyhich is determined by botprimary productivity €
availability ofenergyfor the photosynthetic process) asall and climate constraints

2. Climate requirementsheat availability (mean annual temperature can in most cases be considered a good
proxy indicdor), total rainfall and seasonal distribution, duration of cold season (induction of dormancy),
intensity of frosts and duration of frebtr e e per i odé

3. Solil requirementsdepth, water holding capacity, water table depth, texture, salinity, pH, nutrietgnto
internal drainage/permeability,
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