Analysis of the effect of double girdling on stem diameter variations and photosynthesis in young oak trees
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Regarding carbon fixation in forests, there is an increasing need to understand the mechanisms of carbon transport and source-sink relations occurring in trees. This carbon transport (or translocation) is often described by the well-known Münch theory which identifies the carbon transport as the functional link between sources and sinks. To improve the insight in these mechanisms, we mechanically disturbed the carbon transport of a young oak tree (Quercus robur L.) by stem girdling. Hence, the bark, which contains the carbon-conducting phloem, was removed at two heights of the stem. Consequentially the stem was subdivided into three zones whose contact with the crown and the roots differed. The upper stem zone, positioned above the upper-girdled-zone, had only contact with the assimilating crown; the lowest stem zone, positioned below the lowest-girdled-zone, had only contact with the roots; while the middle stem zone, positioned between the two girdled zones, was completely isolated from crown and roots. The poster highlights the effects at the sinks (stem and roots) and sources (leaves) when the carbon transport is mechanically disturbed. 

The imposed carbon stress strongly changed the magnitude of stem growth. Due to the interruption of the downward carbon transport, assimilates accumulated in the upper stem zone causing an enhanced radial growth rate. It can be argued that this expedited growth rate is driven by both irreversible growth and reversible swelling. The daily growth rate of the two lower stem zones decreased and even stopped indicating a shortage of stored carbons. However, the carbons stored in the roots influenced the lowest stem zone, since basal shoots resprouted approximately one month after girdling. From the daily dynamics in stem diameter variations, time lags were observed between the processes of morning shrinkage of the three stem zones. Since these time lags are correlated with the soluble carbon content, it is established that stem diameter variations are influenced by the carbon transport. At the source level, leaf photosynthesis rate decreased as a response on the lowered sink demand induced by double girdling. This observed feedback inhibition might be attributed to the accumulation of carbohydrates in the leaves. This inhibition was also accompanied by a decrease in sap flow rate reflecting a decrease in stomatal conductance. This decreased conductance, most likely provoked by the feedback inhibition in photosynthesis, enhanced the inhibition itself.
In conclusion, a mechanically disturbed translocation influences the assimilation, growth and storage processes at both source and sink level of the tree. As such, carbon fixation might change when trees are subjected to infestations that interfere with the phloem or when forests are subjected to maintenance strategies that mechanically disturb the carbon transport.
