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Abstract. Photosynthetic CO2 responses are studied to understand how photosynthesis adapts to changing 

environmental conditions and to predict plant carbon uptake under future climate scenarios. The aim of the 

present work was to gain understanding photosynthesis response to drought stress and plant water status in 

grapevines. The open field experiment focused on Vitis vinifera cv. 'Glera' and applied two treatments: 

irrigated and not irrigated. A/Ci curves were measured using a Li-6400XT portable photosynthesis system. 

Measurements were conducted at 30°C and 400 ppm CO2, followed by 300, 200, 100, 50, 400, 600, and 800 

ppm CO2 under 1500 µmol m2 s-1 of photosynthetic photon flux density (PPFD). The Farquhar, von 

Caemmerer, and Berry photosynthesis model ('FvCB model') was used to estimate the maximum 

carboxylation (Vcmax) and maximum electron transport (Jmax) rates. Plant water status was assessed by stem 

and leaf water potential (Ψleaf, MPa). A parallel measure of leaf dark respiration was done at different 

temperatures. Despite regular precipitation during fruit growth, some differences in photosynthetic capacity 

highlighted variations between irrigated and not irrigated plants. For irrigated plants, A/Ci curves were 

grouped together compared to not irrigated ones and presented higher photosynthetic rates. Leaf water 

potential showed similarity between treatments, differing for some specific days but not causing excessive 

stress to the plants. Irrigated plants exhibited higher correlation between Vcmax and Jmax rates. Leaf dark 

respiration increased linearly with rising temperatures. The study revealed the resilience of grapevines to 

challenging weather conditions and highlighted the positive impact of irrigation on physiological processes, 

photosynthesis, and water status. 
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1 Introduction 
The analysis of A/Ci curves, which depicts the net CO2 

assimilation rate (An) in relation to the calculated 

internal CO2 concentrations (Ci), has emerged as a 

powerful tool for the analysis and interpretation of leaf 

photosynthesis across a broad spectrum of experimental 

conditions [1-2]. This response function, which 

describes the relationship between net CO2 assimilation 

rate (An) and internal CO2 concentrations (Ci), also 

serves as the foundational framework for numerous 

mechanistic plant physiology models [3]. The 

photosynthesis model proposed by Farquhar, von 

Caemmerer, and Berry [1], commonly referred to as the 

'FvCB model', is widely used for the interpretation and 

modelling of leaf gas exchange of C3 plants. It facilitates 

the derivation of consistent metrics for photosynthetic 

capacity and the prediction of photosynthetic responses 

to variations in the internal CO2 concentration within the 

spongy mesophyll airspace [4]. The model considers the 

more constraining of two essential processes: Rubisco 

activity and electron transport. Empirical investigations 

aimed at determining the critical parameters for these 

processes, specifically the maximum rate of 

carboxylation (Vcmax) and the maximum electron 

transport rate (Jmax), are imperative [5]. 

The effects of global warming are evident in viticulture 

everywhere [6]. The frequency and intensity of drought 

events are projected to rise in the near future due to 

reduced regional precipitation and heightened 

evapotranspiration resulting from global warming [7]. 

Water deficits will have a significant impact on different 

aspects of plant development, including vegetative 

growth, inflorescence development, berry set, and berry 

development. The extent of these effects depends on 

factors such as the phenological stage of the plant, the 

severity of the water deficit, and the duration of the 

water deficit [8]. Mild deficits may result in temporary 

stomatal limitations, but more severe ones will result in 

non-stomatal limitations, deeply affecting 

photosynthesis and productivity [9]. 

The aim of the present work was to gain insights 

photosynthesis responses to drought stress and plant 

water potential in Glera cultivar. 

 

2 Materials and methods 
2.1 Plant material and experimental conditions 
 

Experiments were conducted in field conditions in 

summer 2023 from July to beginning of September on 

Vitis vinifera L. cv. Glera (clone 19) vines grafted onto 

Kober 5BB (K5BB) rootstock and VSP trained with 

Sylvoz pruning system. The vineyard was located in the 

Veneto region of Northern Italy (45°24’ N, 11°33’ E). 

Within this experimental setup, two treatment groups 

were established, consisting of 25 plants each: one 

group was kept at well-watered conditions (irrigated), 

while the other group was subjected to water stress 

conditions (not irrigated). For the irrigated treatment 

group, irrigation was applied using a drip system, with a 

weekly water supply of 12.5 mm.  

The weather conditions such as temperature, relative 

humidity and precipitation were monitored by a weather 

station situated inside the field. 

 

2.2 Gas exchange and leaf water potential 
 
Gas exchanges were measured with an open-system 

apparatus (LI-COR-6400, LI-COR Inc., Lincoln, NE, 

USA) during fruit growth, from July to September. 

Measurements were conducted using a 6 cm2 leaf 

cuvette. Before A/Ci curves measurements, leaves were 

dark-adapted for 20-min to measure the dark respiration 

rates (Rd). After that, leaves were subjected to at least 

20-min of acclimation at a constant saturating 

photosynthetic photon flux density (PPFD) of 1500 

µmol of photons m−2 s−1 before starting the 

measurements at CO2 concentration at 400 μmol CO2 

mol−1 (followed by 300, 200, 100, 50, 400, 600, 800 

μmol CO2 mol−1). Leaf temperature was maintained at 

30 °C. Relative humidity (RH) was ranging between 50 

and 70 % allowing ∼1.5 kPa of vapor pressure deficit 

(VPD) inside the chamber. Measurements were 

performed on fully expanded leaves, between 9.00 and 

14.00 solar time. Additionally, leaf Rd was measured 

randomly on irrigated vines at different temperatures 

(20, 25, 30, 35 and 40 °C). Vcmax, Jmax and the 

intercellular CO2 concentration at which the transition 

from Rubisco to RuBP regeneration limitation occurs 

were calculated for the A/Ci curves by fitting the FvCB 

model using the ‘Plantecophys’ R package ‘fitaci’ 

function [4]. The leaf water potential (Ψleaf, MPa) was 

measured at pre-dawn and midday, as well as stem water 

potential (SWP) using a Scholander-type pressure 

chamber (model PMS-600, PMS Instruments, Corvallis, 

OR, USA). For SWP six randomly chosen sun-exposed, 

and fully expanded leaves per treatment, which had been 

enclosed in an opaque plastic bag for more than 1 h to 

prevent transpiration and allow them to reach 

equilibrium with the water potential in the stems, were 

measured from solar noon until the early afternoon. 

Each leaf was excised from the shoot with a scalpel 

blade and placed in the pressure chamber with the 

petiole protruding from the chamber lid. The chamber 

was pressurized using an air pressure tank, and SWP 

was recorded as soon as the xylem sap was observed 

emerging from the cut end of the petiole. 

 

3 Results and discussion 
3.1 Vine water status and gas exchange 
 
During the summer of 2023, weather conditions were 

characterized by frequent precipitation events, which 

had a significant impact on the experiment (Fig. 1A). 

Despite this, significant differences were observed 

between irrigated and not irrigated (rainfed) plants. The 

irrigation started in the middle of June until the end of 

August. Minimum, maximum and mean temperatures 

were calculated from February to harvest (Fig. 1A). 

Figure 1B displays the changes in pre-dawn and midday 

Ψleaf as well as SWP. For pre-dawn and midday, there 

were no statistical  differences among the two 

treatments. However, notably, differences in SWP 
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became more pronounced, particularly in the middle of 

July. According to Choné [10] SWP is a better estimator 

of plant water status than Ψleaf. SWP differentiates better 

than Ψleaf due to the small variability between bagged 

leaves on different shoots of the same vine. Ψleaf is much 

more variable, depending on the local climate. 

 

Fig. 1. Climate data presenting maximum (Ta_Max), median 

(Ta_Avg), and minimum (Ta_Min) temperatures, as well as 

precipitation and irrigation levels (A). Diurnal pre-dawn and 

midday leaf water potential (Ψleaf, MPa) and stem water 

potential (SWP) values from June to September (B). 

CO2 response curves were fitted with the FvCB model 

with Rd as an input (Fig. 2A). Jmax, Vcmax and TPU (triose 

phosphate utilization) (when possible) were obtained 

from the fitting. Frequently, TPU is not a limitation at 

any Ci and so only two phases may be seen [11]. 

Irrigated vines presented higher photosynthetic rates 

compared to not irrigated ones (Fig. 2A) and shows that 

under well-watered conditions the photosynthesis is 

limited mainly by RuBP-regeneration. On the other 

hand, under water stress photosynthesis is limited by all 

three phases, such as Rubisco activity, the capacity for 

RuBP regeneration, and TPU limitation. A decrease in 

Ci below ambient will lower An rates and the pools of 

Calvin cycle intermediates, which can affect the activity 

of Rubisco and other enzymes. These changes may, in 

turn, alter in vivo Rubisco activity and the capacity for 

RuBP regeneration [11]. Irrigated plants exhibited 

higher correlation between Vcmax and Jmax rates (Fig. 2B). 

Both parameters are vital for assessing the 

photosynthesis capability under varying conditions and 

environmental changes. Stomatal conductance (gs) was 

lower in not-irrigated vines compared to irrigated ones 

and increased with the rise in Ci only on irrigated vines 

(Fig. 2C). In general, grapevine is considered a drought 

avoiding species, and it is capable of efficiently control 

gs and transpiration rates [12]. 

 
Fig 2. Leaf photosynthesis-CO2 response curve as modelled 

with the FvCB model in irrigated and Not Irrigated (A) plants, 

relationship of the ratio of Jmax/Vcmax in irrigated and not 

irrigated vines (B) and stomatal conductance (gs) in response 

to Ci (C). 

   
Leaf dark respiration linearly increased with the rise of 

the temperature (Fig. 3). Tombesi et al. [13] found 

similar results in grapes from cv. ‘Montepulciano’ 

measuring temperatures from 10 to 35 °C. Respiratory 

activities assume significant importance in the 

determination of net primary production. The energy 

required for growth processes and the maintenance of 

already formed tissues, such as ion uptake, protein 

turnover, pigment production, and other cellular 

activities, is contingent upon respiration activity. The 

total respiration of a plant, which can account for up to 

70 % of the daily CO2 fixed through photosynthesis 

[14], remains insufficiently characterized in grapevines. 

This lack of definition may be attributed to the dynamic 

nature of specific respiration rates per unit weight or 
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other relevant measures, which can vary across different 

stages of the growing season and are influenced by the 

specific vine organ, growth phase, and environmental 

factors. Notably, temperature stands out as one of the 

foremost factors exerting a substantial influence on 

respiration activity. Temperature can indirectly 

modulate the development of various vine organs [15] 

by altering assimilate availability and sink strength, 

thereby affecting the overall plant metabolic activity.

 
Fig 3. Leaf dark respiration response to different leaf 

temperatures. 

 

4 Conclusion 
 
The correlation between Vcmax and Jmax rates in irrigated 

plants highlighted their vital role in assessing 

photosynthetic capability under varying environmental 

conditions. Leaf dark respiration rates demonstrated a 

linear increase with rising temperatures, with 

temperature being a significant factor influencing 

respiratory activities in grapevines. The importance of 

respiration in determining net primary production and 

its variability across different growth stages and 

environmental factors were discussed. Stomatal 

conductance was lower in not-irrigated vines compared 

to irrigated ones, emphasizing the grapevine’s efficient 

stomatal control as a drought-avoiding species. In 

summary, the study revealed the resilience of grapevines 

to challenging weather conditions and highlighted the 

positive impact of irrigation on physiological processes, 

photosynthesis, and water status. The findings 

contribute valuable insights into the complex 

interactions between environmental factors and 

grapevine physiology, essential for understanding and 

managing vineyard conditions for optimal grape 

production. 
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