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Abstract 

Improving drought adaptation in viticulture is an increasingly important issue under climate change. Genetic 

variability of water deficit responses in grapevine partly results from rootstocks, making them an attractive 

and relevant means to achieve adaptation without changing the scion genotype. The objective of this work 

was to characterize the rootstock effect on the diurnal regulation of scion transpiration.  

A large panel of 55 commercial genotypes were grafted onto Cabernet Sauvignon. Potted plants were 

phenotyped on a greenhouse balance platform. Growth related traits and transpiration were recorded. 13C was 

measured in leaves for the baseline and stable water deficit periods. A large genetic variability was observed 

within the panel. The rootstock had a significant impact on nocturnal transpiration which was also strongly 

and positively correlated with maximum daytime transpiration. The correlations with growth and water use 

efficiency related traits will be discussed. Transpiration data were also related with VPD demonstrating the 

influence of environmental conditions on transpiration. These results highlighted the role of the rootstock in 

modulating water deficit responses and provide insights for rootstock breeding programs aimed at identifying 

drought tolerant rootstocks.  

 

Introduction 

Water is the main factor limiting yield in viticulture. Vine water status also strongly impacts grape quality (van 

Leeuwen et Seguin, 1994). In the context of climate change, cultural practices could be adapted, but in some 

regions this will not be sufficient (Garcia de Cortazar, 2006). Among the technical innovations to explore, the 

plant material is crucial. We consider the use of tolerant rootstocks as a relevant agronomical practice to cope 

with water deficit. Although drought tolerant and drought sensitive rootstocks are well identified in the 

vineyard, the mechanisms involved in drought tolerance are poorly understood and only one exhaustive 

classification built with quantitative criteria was published (Carbonneau, 1985). We are still looking for a trait, 

or a combination of traits, that can explain the drought tolerance induced by rootstocks observed in the field. 

Several authors analyzed the nocturnal transpiration between different scions to understand its impact in 

drought tolerance responses (Coupel-Ledru et al. 2016; Dayer et al. 2021). In this study, we have analyzed the 

scion transpiration induced by a large panel of rootstocks during the day and night. Our objective is to 

characterize the rootstock effect on scion transpiration regulation. 

 

Materials and methods 

The experiment was carried out in pots, in a greenhouse equipped with a 150 scale platform according to the 

protocol described by Marguerit et al. (2012). Three replicates per rootstock were grown in 7.5 L pots with a 

loamy clay soil characterized by a high water retention capacity (453g water retained per kg of soil). A 

progressive water deficit was applied after 10 days of well-watered conditions. It was followed by 7 days of 

stable water deficit characterized by a decreasing of 50% of water retention capacity. Irrigation was applied in 

the mid-morning in order to obtain the desired level of soil water content. This experiment was carried out 

during two independent years, 2015 and 2017, with a new set of plants. 
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Transpiration was evaluated daily by weighing each pot individually. Leaf area measurements were performed 

weekly in order to calculate the daily transpiration per unit of leaf area. Shoot length was measured every two 

days. 13C was measured in leaves for the baseline and stable water deficit periods. 

Results and discussion 

The transpiration followed the classical evolution during the day (Figure1). In control conditions, the nocturnal 

transpiration represented from 13% and 22% of daytime transpiration in 2015 and 2017 respectively. In water 

deficit conditions, it was difficult to get such an estimation because of stomatal closure and the very low values 

of transpiration during both day and night. The rootstock effect was highly significant for most of the time 

periods during the day and the night (Table 1).  A large genetic variability was observed within the panel. The 

rootstock had a significant impact on nocturnal transpiration which was also strongly and positively correlated 

with maximum daytime transpiration.  

The correlations between the shoot length grown during the control conditions and nocturnal transpiration or 

daytime transpiration were calculated (Figure 2). The correlation was only significant in 2017 between the 

shoot length and daytime transpiration (R²=0,18). No significant correlations were observed between δ13C and 

nocturnal or daytime transpiration in control conditions. These results highlighted the absence of negative 

effects of the nocturnal transpiration on water use efficiency. Transpiration data were also related with VPD 

demonstrating the influence of environmental conditions on transpiration. 

The rootstock effect on scion transpiration plasticity was already demonstrated by the identification of QTLs 

(Marguerit et al. 2012). Here we demonstrated the significant effect of the rootstock on the scion nocturnal 

transpiration which could be a target in breeding programs for drought tolerance. However, because nocturnal 

transpiration was not related with the growth related traits and water use efficiency estimated by δ13C, the role 

of nocturnal transpiration diversity was not yet elucidated. Several theories explaining the purpose of nocturnal 

transpiration have been put forth (Wang et al 2021). The theory of the leaf cooling proposed by Coupel-Ledru 

et al. (2016) could be a relevant explanation in the context of the dialogue between the scion and the rootstock 

with the perception of the water deficit in the air and in the soil respectively. 

 

Conclusion 

The significant effect of the rootstock on nocturnal transpiration was demonstrated. The role of the rootstock 

in the scion transpiration regulation is here reinforced. This work allows a quantitative characterization for 

drought tolerance for a large range of rootstocks used all over the world. These results assessed in controlled 

conditions should be confirmed by a field experiment allowing the identification of candidates for registration 

of new rootstocks in France. 
 

 
Figure 1. Transpiration (E in mmolH2O m-2 s-1) at the day scale for control (C) in blue and water deficit conditions 

(WD) in red. 
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Table 1. Significance of the rootstock effect on transpiration values with Kruskal Wallis test for 2015 and 2017 in 

control (C) and water deficit conditions (WD). 

Condition 2:00-6:00 6:00-10:00 10:00-14:00 14:00-18:00 18:00-22:00 22:00-2:00 Ed En En/Ed 

2015C *** ns *** *** *** *** *** *** *** 

2015WD ns *** *** *** *** *** *** *** *** 

2017C *** ns *** *** *** *** *** *** *** 

2017WD *** *** *** *** *** *** *** *** *** 

*** is for a p-value <0.001 and ns is for non-significant p-value 

 

Figure 2. Relation between shoot length grown during control conditions and A) nocturnal transpiration (En in mmol H2O 

m-2 s-1) and B) daytime transpiration ((Ed in mmol H2O m-2 s-1) 
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