Food crop production using partial root drying (PRD): the facts and the fiction
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Several approaches to deficit irrigation have aimed to increase crop water use efficiency, including conventional deficit irrigation (DI) and partial rootzone drying (PRD).  Much of this work has been motivated by assigning significance to an understanding of root-to-shoot communication of soil water deficit and its manipulation to reduce the amount of water used to irrigate crops.  On this basis we have worked collaboratively to trial these techniques on a range of Mediterranean crops.  In certain species (such as tomato, grape and olive), it was possible to decrease the amount of irrigation applied by 50% without suffering any significant yield penalty (( 20%). However, pepper, eggplant and citrus crops showed greater (( 20%) yield reductions with no (pepper and eggplant) or minimal (( 1.4-fold) increases in water use efficiency.  Where tested, traditional levels of irrigation application were shown to result in profligate water use with little additional yield benefit.  For a given amount of water applied, there was no statistical difference in yield between PRD and DI. However, there was a consistent trend for PRD to produce slightly higher yield than DI. In grape and olive, PRD was better than DI in decreasing excessive vegetative growth.  DI and PRD generally increased quality characteristics (higher sugar concentrations and increased acidity in grapefruit and tomato; increased colour in red grape varieties; increased oil concentration in olives in olives).  PRD and DI of cotton promoted earlier crop maturity.  PRD in glasshouse tomato crops greatly increased allocation of dry matter to the roots  and caused an increase in fruit sub-epidermal pH, leaf xylem sap pH, [ABA]xylem and leaf ethylene evolution (all putative root-sourced signals) in the absence of any change in plant water relations. No changes in these variables were detected in PRD irrigated tomato plants in protected cultivation or in grapevines in the field.  PRD and DI in the field decreased pre-dawn leaf water potential ((leaf) in all species examined but the effect was species-dependent during the day. In isohydric species (eg. raspberry), daytime (leaf was independent of soil water availability while in anisohydric species (eg. eggplant, grape, olive) (leaf was decreased in deficit irrigation treatments.  Taken together these results suggest a significant amount of exploitable variation in a broad range of crop responses to varying soil water availability and significant opportunities to deliver enhanced WUE.  Our socio-economic impact assessment of the work (undertaken in Portugal, Morocco and Turkey) reported an acceptance by farmers for the long-term need to become more WUE, while recognising that increased use of water, without enhanced WUE offered a short-term solution to sustaining farm profitability.  The estimated return on initial investment on more WUE irrigation methods was 10 years and subsidies of c.40% were estimated as necessary for successful uptake, based on installation costs estimates of €1000-4000 ha-1 and recurrent costs of €2500 ha-1. We established a potential skill shortages in ensuring successful adoption of more WUE technologies, alongside future opportunities for SME development in the supply and maintenance of WUE irrigation systems.  Future innovation in this area, while undoubtedly achievable, will only deliver real benefits if closely aligned with effective methods of technology and knowledge transfer.  In the future, we propose to more fully consider proven technology transfer methods and their suitability in the Mediterranean region.

