Abstract
Local experiments are needed before recommending regulated deficit irrigation (RDI) strategies for growers to be applied in commercial situations. The success of an RDI strategy depends on the water stress management, i.e. the timing and severity of the water stress applied, so accurate and easy-to-use plant water stress indicators are needed when RDI strategies are carried out. This PhD thesis, divided in five experiments performed in Valencia, the main citrus producing area of Spain, aimed to study the agronomic response of the mandarin ‘Clementina de Nules’ and the orange ‘Navel Lane Late‘ to two summer RDI strategies, and to assess the usefulness for plant water stress detection of sap flow (SF), canopy temperature (Tc) and other indicators derived from them, as alternatives to the classical methods (i.e. stem water potential, s and stomatal conductance, gs) that cannot be automated. In addition, some of these water stress indicators in citrus were compared with Persimmon, a crop less sensitive to changes in air vapor pressure deficit (VPD) than citrus. Results in citrus showed that water savings achieved in the most stressed treatment (RDI-2), irrigated at 30-40% of crop evapotranspiration (ETc) during summer, impaired yield by reducing fruit size in both orange and mandarin. However, the moderately stressed treatment (RDI-1) irrigated at 50% ETc, allowed for 20% water savings in ‘Clementina de Nules’ with a reduction in tree growth but without any significant reduction in yield or fruit size. ‘Navel Lane Late’ resulted to be more sensitive to water deficit since even the RDI-1 strategy reduced fruit size in this cultivar. However, this RDI strategy allowed water savings of up to 19% without reduction in yield in years when the water stress integral did not surpass 70 MPa*day during a period of 71 days. RDI improved fruit quality increasing total soluble solids and titratable acidity in both citrus species. Regarding the plant water stress indicators, absolute SF values underestimated the tree water use. Averaged over the entire period of water restrictions, a reduction of about 50% in water application in the RDI trees of both citrus species decreased tree transpiration compared to the control trees by only a 15%. Both, the nocturnal-to-diurnal SF ratio and the relative transpiration ratio were in good agreement with differences in s. The use of a thermographic camera in citrus allowed detecting differences in Tc between control and water-stressed trees (up to 1.7º C) only when VPD values were below 2.7 kPa. Thermal imaging was more useful to detect plant water stress in citrus than the use of fixed infrared thermometer sensors in which the field of view is lower and therefore Tc is obtained from fewer leaves. In conclusion this work shows that the RDI-1 strategy can be applied in case of water scarcity in commercial groves of the two citrus species here studied, but also in ‘Clementina de Nules’ as a tool to control vegetative growth improving fruit composition and reducing costs associated with the crop management. SF sensors and Tc measurements are useful for detecting plant water stress. However, SF measurements should be preferentially used in relative terms while the use of Tc measurements seems to be more precise in crops with a low response to VPD like Persimmon.
