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WATER SHORTAGE

VLimitations in water use in agriculture
VMost felt problem in the coastal 

areas of the Mediterranean

EXCESS OF SALINITY IN THE 
SOIL

VHigh evaporationrate
VInsufficientleaching
VSalt water used for 

irrigation

EMERGING ENVIRONMENTAL ISSUES AND 
OLIVE CULTIVATION

Plants also due to climate change are frequently 
subjected to abioticstress



OLIVE

Fundamentalprocessesof

the cell cycle

VDivision

VDifferentiation

VExpansion

In the long term:

VOsmoticstress

VPremature senescence of 

adult leaves

VReduction of the 

photosynthetic rate

EFFECTS OF SALINE 
STRESS ON PLANTS

TOLERANCE
Non/reducedcarriageof Na+ and Cl-

Compartmentalizationof Na+ e Cl-

in the leaves

MECHANISM NOT YET CLARIFIED



OXIDATIVE STRESS

AIM OF THE WORK

The purpose of this work was to study the behaviour of different olive 
cultivars during saline stress by analyzing the activity of the Glutathione 

Reducatse(GSH) and Catalase(CAT) enzymes, the prolinecontent and the 
plant growth parameters.

A major biochemical alteration, also induced by other types of stress, is the 
production of Reactive Oxygen Species (ROS). Under stress conditions, plants can 

nonetheless develop tolerance, that is, the ability to adequately survive, and 
often prosper, under an unfavourable environment, with the production of 

antioxidant enzymes 



PLANT MATERIAL, TREATMENTS AND GROWTH CONDITIONS
2 olive varieties:

Arbequina

Royalde Cazorla

MATERIALSAND METHODS

Sixty own-rooted plants for each olive cultivar were used (20 
plant replicates per treatment). Two-years old plants, 

approximately 1.3-1.5 m tall, were grown in greenhouse in 
black plastic pots (volume 2.5 L) containing a substrate 

composed of 60% peat and 40% pumice (w/w).



VPlants were irrigated 3 times a week, for 3 
months, using half-strength Hoagland solution in 
the absence of salt

VFor the following eight months plants were 
irrigated three times a week with half-strength 
Hoagland solution containing 0, 100 and 200 mM
NaCl

VElectrical conductivity was determined weekly 
in the leaching solution with the conductometer
giving values of about 1.2, 12.4 and 21.4 dSm-1 in 
relation to the 0, 100 and 200 mM NaClgroup

VPlants were exposed to natural light inside the 
greenhouse, and a ventilation system ensured an 
air temperature not exceeding 35°C



Plant growth 

VVisualassessmentof symptoms

VAt 240 days after treatment (DAT), five plants 
for each treatment (including control plants) 
were removed from the substrate

VRoots were washed with deionizedwater 

VPlants were separated into different parts 
and FW and DW of roots, lateral shoots ,stem 
and leaves were determined

VFor each plant, basal diameter, total height, 
number of lateral shoots, total length of lateral 
shoots, total leaves area were determined



VLeafnet photosynthesis(Pn), stomatalconductance(gs), leaf
transpirationrate (E) and sub-stomatalCO2 concentration(Ci)
meaured at 120, 150, 210 and 240 DAT using a portable ADC-LCA-
3 and a Parkinson-type assimilation leaf chamber

VLeavesRWC at 120, 150, 210 and 240 DAT 

VChlorophyllcontent by SPAD measurements

LEAVESGAS EXCHANGES, RWC AND 
CHLOROPHYLL CONTENT



CHEMICALANALYSIS

VGlutathioneReductase(GSH) and  Catalase(CAT) activityat  150, 210 and 
240 DAT

VGSH is localized in chloroplasts and mitochondria  while CAT is expressed in 
peroxisomesand removes H2O2

VLeavesproline content at  150, 210 and 240 DAT



RESULTS AND DISCUSSIONS

PLANT GROWTH

V ArbequinaҦ died at 220 DAT at 200 mM NaCl

V Royalde Cazorla
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VDW decreased in stressed trees: greater reduction were 
observed in Arbequina-200 above ground DW

VNumber and length of lateral shoots decreased in stressed 
plants especially in Arbequina-200

VPlant height and trunk basal diameter were not affected by 
salt stress

PLANT GROWTH



GAS EXCHANGES

VPlants treated with 100 and 200 mM NaCl
showed lower values of Pncompared to 
control at 210 and 240 DAT

VThe most significant impact was observed 
in Arbequina treated with 100 and 200 mM
NaCland  the plants of the same cultivars 
treated with 200 mM NaCldied at 220 DAT

VCiincreased at 100 and 200 mM NaCland 
the higher values were observed in 
Arbequina

Vgsand E decreased at 200 mM

VAs a general trend, in stressed plants, the 
decrease in Pnwas accompanied by a 
decrease in gs. On the other hand, gs
decrease is related with an increase in Ci
and a decrease in E

VThe Ciincrease is likely indicative that Pn
reduction is mainly caused by non-stomatal
effects, and could be the result of a damage 
in the photosystemunder saline stress 
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120 DAT 
Royal-0 11.44 a 3.10 a 222.42 a 243.08 a 
Royal-100 10.53 a 3.03 a 241.55 a 248.97 a 
Royal-200 8.31 a 2.19 a 193.06 a 239.52 a 
Arbequina-0 12.94 a 3.41 a 243.13 a 249.73 a 
Arbequina-100 11.27 a 4.02 a 295.97 a 274.19 a 
Arbequina-200 11.51 a 4.30 a 328.40 a 281.78 a 

150 DAT 
Royal-0 13.80 a 2.93 a 177.97 a 209.54 a 
Royal-100 13.60 a 2.68 a 152.83 a 213.90 a 
Royal-200 11.76 a 2.36 a 126.90 a 214.15 a 
Arbequina-0 10.15 a 2.25 a 118.62 a 201.41 a 
Arbequina-100 12.58 a 3.25 a 204.21 a 234.58 a 
Arbequina-200 13.13 a 3.48 a 215.20 a 243.87 a 

210 DAT 
Royal-0 14.72 a 2.69 a 215.97 a 162.07 a 
Royal-100 15.28 a 2.75 a 238.40 a 136.69 a 
Royal-200 15.95 a 2.89 a 288.41 a 163.36 a 
Arbequina-0 17.47 a 3.10 a 221.81 a 217.32 a 
Arbequina-100 9.71 ab 1.63 b 193.12 a 304.07 b 
Arbequina-200 10.47 b 1.80 b 181.55 a 303.17 b 

  
240 DAT 

  
Royal-0 17.94 a 2.18 a 173.22 a 381.31 a 
Royal-100 12.12 a 2.31 a 118.64 ab 387.94 a 
Royal-200 7.44 b 2.11 a 106.92 b 455.95 b 
Arbequina-0 10.54 a 4.58 a 181.40 a 360.30 a 
Arbequina-100 1.99 b 2.09 b 166.63 a 464.90 b 
Arbequina-200 - - - - 



RWC AND CHLOROPHYLL CONTENT

VRWC decreased in stressed 
plants especially in Arbequina

VChlorophyllcontentdecreased
in Arbequinatreated at 100 
and 200 mM NaCl

RWC (%)

SPAD

120 DAT 150  DAT 210  DAT 240  DAT

ROYAL-0 86,69 a 99,344 a 91,66 a 91,28 a

ROYAL-100 81,87 a 98,46 a 95,86 a 88,22 a

ROYAL-200 80,06 a 96,12 a 96,73 a 75,38 b

ARBEQUINA-0 90,07 a 90,58 a 94,27 a 84,35 a

ARBEQUINA-100 89,02 a 75,57 b 84,48 b 76,48 b

ARBEQUINA-200 87,62 a 79,23 b 85,41 b 70,12 b


