Utilising diversity in plant and crop structure to sustain plant health in barley production

Contact: Steve Hoad, Scottish Agricultural College, SEERAD 

Aims: To develop a better understanding of the ways in which crops and their characteristics or traits can be utilised to facilitate change from high production, high input, agriculture to lower input systems, including integrated and organic farming. Progress will be achieved by understanding: 

(1) the adaptability of genotypes to their environment (i.e phenotypic variation) by identify plant traits, including leaf morphology, leaf arrangement and root distribution, that infer tolerance of, or escape from, disease, pest and weed problems. 

(2) how the complexity of crop structures and genetic composition, including plant spacing, canopy arrangement and multi-genotype crops, infer resilience within the 

cropping system whilst satisfying different end uses and environmental goals

Experiments:

Canopy architectures across a range of spring and winter barley genotypes will be used to study structures that are likely to have an effect on the infection and spread of fungal pathogens as a result of environmental influences. Earlier SEERAD funded work suggested that the total amount Rhynchosporium within a spring barley leaf canopy is reduced as leaves become more planophile (i.e. mean leaf angle from the vertical increases). However, splash-borne diseases such as Rhynchosporium, are also likely to be influenced by the rate at which the leaf canopy dries after rainfall or high humidity. If moisture precipitation events due to either rainfall (predominantly) or diurnal temperature cycle induced condensation intervals, are the principle mechanism for the spread of fungal spores, then the canopy architecture, especially at the lower levels initially, will have some varying effect on this. Furthermore, canopy structures (or traits) that are beneficial for disease control may not be optimal for light capture or other crop health issues such as competition with weeds. Therefore, it is important to establish the trade-offs for optimum community architecture (in combination with genotype resistance) to minimise disease spread with other crop functions.

Analytical aspects:

Experimental methods to quantify the variables will include exposing defined community structures, such as plant height, mean leaf angle and plant spacing, to external conditioned airflow and precipitation events in a wind tunnel. Measurements of canopy structures will be carried out as described in our recent work on cereals. Images of crop growth, development and leaf spatial arrangement will be captured by digital photography and traits such as internode length and mean leaf angle will be quantified using image analysis. The influence of the leaf canopy structure on the spread of disease and the impacts on disease on leaf area duration will be measured in the field and in wind tunnel experiments. Measurements of traits under field and controlled conditions will be integrated within the SAC Cereals Model to identify trade-offs between plant and crop structural interactions for disease control and physiological consequences for light or resource use. This work programme will scale-up the measurements and modelling of single genotypes in towards understanding how structural and genetic diversity (in variety mixtures) infers adaptation to barley crops in the field.

