
Carbohydrate reserve storage and dynamics 
Grapevines require a supply of carbohydrates from stored reserves to support new root and shoot growth in spring. 
These carbohydrates are stored as starch, and in a free-sugar fraction consisting mostly of glucose, fructose and 
sucrose. The combined concentrations of starch and sugars in the roots range from approximately 3 to 50% on a dry 
weight (DW) basis, and in the wood from 2 to 20%. Starch is stored as granules within the xylem and phloem ray 
cells, and areas of high starch concentrations can be seen at the whole-tissue level after staining with iodine. Starch 
concentrations in the wood are higher than those of sugars during the growing season, but leading into dormancy 
some of the starch is converted to sugars to help protect the vine from cold damage during winter. Starch is the main 
storage carbohydrate in the roots at all growth stages. The total amount of carbohydrate reserves stored by dormant 
grapevines ranges between 0.52 and 2.2 kg/vine, with a typical single-cordon vine storing between 50 and 75% of 
total reserves in the root system. No more than half of the total stored carbohydrates would normally be used in 
spring, but more than 80% can potentially still be mobilized. Fine root growth flushes that occur in early spring are 
most likely supplied from carbohydrates stored in the permanent roots. Localized carbohydrate reserves, and 
possibly sugars that diffuse from the bleeding sap, are used to support initial shoot development. As phloem function 
of the canes and older wood resumes in the weeks after budbreak, reserves from more distant parts of the vine are 
progressively utilized. Transport of reserve carbohydrates to the shoot reaches a maximum at the 8- to 10-leaf stage, 
and then declines as canopy photosynthesis becomes sufficient to meet carbohydrate demand. Newly assimilated 
carbon then starts to be exported back to the perennial parts of the vine. The high initial dependence on stored 
carbohydrates results in a rapid decline of carbohydrate concentrations in root and wood tissue through budbreak 
and early spring. As the canopy becomes self-sufficient and begins producing surplus carbohydrates, replenishment 
of reserves will begin in the week or two leading up to flowering. The restoration of reserves may continue in parallel 
with fruit ripening if yields are sufficiently low, or photosynthesis rates high enough to produce excess carbohydrates 
for storage. However, under high crop loads, or conditions such as water stress or high temperatures that reduce 
photosynthesis, reserve replenishment may be delayed until after harvest. With heavy crop loads, renewed 
mobilization may also occur in the earlier part of the ripening period to aid berry ripening. 

As early nutrient demand in spring cannot be met by root uptake alone, storage of nutrient reserves prior to dormancy 
is also required to support shoot growth in the following season. The cycling of nutrients, and thus the vine’s ability to 
store them and remobilize them again in spring, depends on nutrient mobility within the plant. This is high for the 
macronutrients nitrogen (N), phosphorus (P), potassium (K), sulphur (S), and magnesium (Mg), but low for calcium 
(Ca). With the exception of manganese (Mn), which also has low mobility, the micronutrients iron (Fe), zinc (Zn), 
copper (Cu), molybdenum (Mo) and boron (B) have intermediate mobility. Studies with whole mature vines have 
shown that about 50% of N and P in the new season’s canopy comes from stored reserves. Around 15% of the 
demand for K is met by reserves, and 5% of that for Mg and Ca. Of the main macronutrient reserves, N is stored in 
the highest concentrations, followed by K and P. Average Mg concentrations in the roots and wood are similar to 
those of P, and Ca is found in approximately the same concentration as K. There is little published information 
relating to the storage of micronutrients by grapevines. 

Total N storage at dormancy ranges from approximately 25 to 70 g/vine, and like carbohydrate reserves, more than 
half will usually be found in the root system. For P, which is the other main nutrient reserve (in terms of the proportion 
of total reserves mobilized at budbreak), stored amounts range from 2.5 to 4.5 g/vine. For the other macronutrients, 
dormant vines store 10–25 g of K, 4–8 g of Mg, and 25–40 g of Ca. In warm climates, approximately one third of 
annual N and P requirements are met by post-harvest storage from the preceding season, 20% for 
Mg and Ca, and 15% for K. Storage of nutrients during the postharvest period is due to both re-translocation from the 
leaves, particularly for N and P, and further root uptake from the soil. The seasonal pattern of root growth has been 
shown to vary between seasons, but the causes of this variation and implications for nutrient uptake are not well 
understood at present. A peak of fine root growth can generally be expected between flowering and veraison (e.g. 
Comas et al. 2010), but root growth may commence before budbreak in hot climates Post-harvest root flushes are 
generally smaller in magnitude, and do not appear to occur in all years. 


