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Abstract

The progressive increase in the concentration of carbon dioxide (CO,) in the atmosphere contributes to the
destabilization of global climatic equilibria, exerting complex influences on the physiological and adaptive
processes of cultivated plant species. Grapevine (Vitis vinifera L.) stands out as a model species for assessing
the capacity for biological CO, sequestration, due to its significant ecological and economic role, as well as its
sensitivity to thermal and hydric variations. To evaluate the capacity for atmospheric carbon dioxide uptake,
the light saturation curve method for photosynthesis was employed, using the PTM-48A phytomonitor. The
study included grapevine genotypes of intraspecific origin (Vitis vinifera L. ssp. sativa D.C. and ssp. sylvestris
Gmel.), Vitis labrusca L., as well as rhizogenic interspecific genotypes obtained through hybridization of Vitis
vinifera L. ssp. sativa D.C. x Muscadinia rotundifolia Michx. The experiments were conducted under controlled
conditions, and for each analyzed genotype, continuous monitoring of photosynthetic parameters was carried
out for a minimum period of 72 hours. This duration was necessary to obtain reproducible and relevant data
for determining the CO, uptake coefficient. Based on the results of the physiological parameters, it can be
concluded that the grapevine genotype Vitis vinifera L. ssp. sylvestris Gmel. exhibits good efficiency under
moderate temperatures but is sensitive to thermal stress. Cultivated genotypes belonging to the group Vitis
vinifera L. ssp. sativa D.C., such as Feteasca Alba and Feteasca Neagra, show a trade-off between
productivity and thermal tolerance, being well adapted to field conditions. Interspecific genotypes Vitis vinifera
L. ssp. sativa D.C. x Muscadinia rotundifolia Michx., such as Alexandrina, Ametist, and Augustina,
demonstrate the best physiological performance, combining high photosynthetic rates, controlled transpiration,
and favorable water use efficiency (WUE). Among these, the interspecific genotype Vitis vinifera L. ssp. sativa
D.C. x Muscadinia rotundifolia Michx. ‘Ametist’ stands out as the most promising genotype for cultivation under
conditions of elevated temperature and water stress.
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Introduction

The increase in atmospheric carbon dioxide (CO;) concentration leads to the disruption of the
homeostasis of climatic systems, influencing the complex interaction between abiotic and biotic factors at both
local and global levels. Climate change, as an expression of these imbalances, represents a dynamic
phenomenon characterized by an accelerated pace of spatiotemporal changes.

The intensification of these processes imposes heightened selective pressure on living organisms,
significantly reducing their capacity for evolutionary adaptation. Consequently, numerous genotypes exhibit
insufficient phenotypic plasticity to respond effectively to the new ecological conditions, which may result in
altered ecosystem stability and the loss of genetic diversity [10; 11].

These changes are particularly reflected in cultivated genotypes, including grapevine (Vitis vinifera L.
ssp. sativa D.C.), a species sensitive to thermal and water variations. Alterations in the climatic regime directly
affect physiological processes, phenology, and the expression of productive and technological traits,
highlighting the need to reassess breeding and adaptation strategies for genotypes under the new
agroecological conditions.

The capture of atmospheric carbon dioxide (CO,) represents an essential component of global
strategies for mitigating climate change.

The selection and breeding of grapevine genotypes with high photosynthetic efficiency and enhanced
resilience to abiotic and climatic stresses can represent a strategic approach to strengthening the capacity of
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agroecosystems for long-term carbon storage. In this context, the implementation of sustainable viticultural
practices—such as rational management of vegetative biomass, reduction of mechanical soil operations, and
utilization of residual biomass—can enhance carbon sequestration potential and reduce the ecological
footprint of the viticulture sector.

The use of agricultural plant genotypes with a high potential for atmospheric carbon dioxide (CO,)
capture represents not only an effective ecological measure but also an economic opportunity for actors in the
agricultural sector.

Cultivating these genotypes allows for the production of plant products specific to each genetic type
while simultaneously valorising the surplus fixed carbon through market mechanisms associated with "green
guotas" or carbon emission certificates. Under this system, agricultural producers can sell the equivalent
amount of sequestered CO, (expressed in tons of CO, equivalent) to economic agents in other sectors that
lack efficient technologies to reduce their own greenhouse gas emissions.

Thus, the promotion and cultivation of genotypes with high photosynthetic efficiency and carbon
storage capacity contribute simultaneously to climate change mitigation and the creation of a sustainable
economic mechanism within the voluntary and regulated carbon markets.

The selection of genotypes with an enhanced CO, capture potential is based on several essential
biological and ecological criteria: photosynthetic efficiency, the capacity to accumulate above- and below-
ground biomass, tolerance to abiotic and climatic stresses (drought, extreme temperatures, humidity
fluctuations), and growth rate. Additionally, the sustainability of these genotypes is assessed according to their
ability to maintain productive performance and contribute to long-term carbon storage. By integrating these
criteria, genetic selection enables the development of optimized agricultural crops for CO, capture, thereby
strengthening both the ecological and economic value of agroecosystem systems [1; 2; 6; 9].

Material and Method

The study focused on the grapevine genotype Vitis vinifera L. ssp. sylvestris Gmel., Vitis vinifera L.
ssp. sativa D.C. with the varieties Feteasca Alba and Feteasca Neagra, Vitis labrusca L., as well as interspecific
genotypes Vitis vinifera L. ssp. sativa D.C. x Muscadinia rotundifolia Michx., such as Alexandrina, Ametist, and
Augustina [3, 4].

The evaluation of the capacity for atmospheric carbon dioxide uptake was determined using the light
saturation curve method for photosynthesis, with the aid of the PTM-48A phytomonitor. Statistical processing
of the obtained data was performed using the computer program Statistica 10 (Stat sof INC, USA) and
Microsoft Excel 2010 [7, 8].

Results and Discussion

The simultaneous analysis of photosynthetic activity, transpiration, and stomatal conductance of
grapevine genotypes, in correlation with ambient temperature, allows for the determination of the
photosynthesis coefficient. This integrated approach provides essential information on the efficiency of water
and carbon use, the adaptability of genotypes to climatic conditions, and their potential for CO, sequestration
under various thermal regimes.

Based on the values of the photosynthesis coefficient, it is possible to optimize the essential factors
for plant development within the agro-phytocoenosis. This functions as an integrated photosynthetic system,
whose efficiency depends both on the genotypes’ capacity to capture atmospheric carbon dioxide (CO,) and
on the optimal use of solar radiation, expressed through the coefficient of conversion of light energy into organic
matter. By managing these parameters, the ecological and productive performance of the plant system can be
maximized, while simultaneously strengthening the carbon sequestration potential of agroecosystems.

The genotype Vitis vinifera L. ssp. sylvestris Gmel. exhibits a photosynthetic activity of 6.17 pymol
CO,/m?-s at 28 °C, accompanied by a transpiration rate of 0.76 mmol H,O/m2-s. At a higher temperature of
33.42 °C, photosynthetic activity remains relatively stable (6.06 umol CO,/m2-s), while the transpiration rate
increases significantly, reaching 2.62 mmol H,O/mz2-s (Table 1).

In comparison, the cultivated intraspecific genotypes from the group Vitis vinifera L. ssp. sativa D.C.
exhibit higher photosynthetic activity under similar thermal conditions. Thus, at 27.5-28.5 °C, Feteasca Alba
records a photosynthetic rate of 8.2 umol CO,/m?-s, while Feteasca Neagra reaches 8.5 ymol CO,/m?-s. The
corresponding transpiration rates are 1.85 mmol H,O/m?'s for Feteasca Alba and 1.78 mmol H,O/mz2-s for
Feteasca Neagra (Table 1).

These data suggest higher photosynthetic efficiency in the cultivated genotypes compared to the wild
form under moderate temperature conditions, as well as a differing physiological tolerance to thermal stress.
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Based on the obtained data, water use efficiency (WUE) was determined, expressed as the ratio
between photosynthetic activity (umol CO,/m2:s) and transpiration rate (mmol H,O/m2:s), as follows:

e The genotype Vitis vinifera L. ssp. sylvestris Gmel. exhibits very high WUE (8.12 pmol CO,/mmol H,0)
at moderate temperatures (28 °C), indicating good adaptation for water conservation under less
stressful conditions.

e At elevated temperatures (33.4 °C), WUE drops drastically (2.31 ymol CO,/mmol H,0), reflecting
significant water loss without a corresponding photosynthetic gain—a potential indicator of sensitivity
to thermal stress.

e Genotypes from the group Vitis vinifera L. ssp. sativa D.C., Feteasca Alba and Feteasca Neagra, at
27.5-28.44 °C, maintain intermediate WUE values (4.43 and 4.78 ymol CO,/mmol H,0), suggesting
a balance between photosynthetic productivity and water consumption.

At temperatures of 34.56-35.21 °C, photosynthetic activity is 7.25 ymol CO,/m?-s for Feteasca Alba
and 7.5 ymol CO,/m?s for Feteasca Neagra, while transpiration rates are 4.43 mmol H,O/m2-s for Feteasca
Alba and 5.04 mmol H,O/m?-s for Feteasca Neagra (Table 1).

At this temperature range, the water use efficiency (WUE) of Feteasca Alba and Feteasca Neagra is
between 1.64—1.69 pmol CO,/mmol H,0.

At temperatures of 27-28.5 °C, the interspecific grapevine genotypes Vitis vinifera L. ssp. sativa D.C.
x Muscadinia rotundifolia Michx. exhibit photosynthetic activity of 10.68 umol CO,/m2-s (Alexandrina),
10.96 pmol CO,/m?'s (Ametist), and 12.02 pmol CO,/m?2-s (Augustina). Simultaneously, transpiration rates are
2.52 mmol H,O/m*s (Alexandrina), 1.75 mmol H,O/m*s (Ametist), and 2.94 mmol H,O/m?-s (Augustina)
(Table 1).

However, at temperatures of 35.57-35.84 °C, photosynthetic activity is 9.26 ymol CO,/mz2s
(Alexandrina), 10.3 umol CO,/m?-s (Ametist), and 11.1 ymol CO,/m?-s (Augustina), while transpiration rates
are 4.56 mmol H,O/m?-s (Alexandrina), 3.95 mmol H,O0/m?s (Ametist), and 4.1 mmol H,O/m2-s (Augustina)
(Table 1).

The water use efficiency (WUE) of the rhizogenic interspecific grapevine genotypes Vitis vinifera L.
ssp. sativa D.C. x Muscadinia rotundifolia Michx. was determined, revealing the following: at moderate
temperatures (27-28.5 °C), the genotype Ametist exhibits the highest water use efficiency (WUE = 6.26),
indicating a superior capacity to fix CO, relative to water loss through transpiration.

All genotypes exhibit a significant decrease in WUE at elevated temperatures (~35.6 °C), highlighting
increased water loss, likely as a response to thermal stress.

Based on the physiological parameter results, it can be concluded that:

e The grapevine genotype Vitis vinifera L. ssp. sylvestris Gmel. shows good efficiency at moderate
temperatures but is sensitive to thermal stress.

o Cultivated genotypes from the group Vitis vinifera L. ssp. sativa D.C., such as Feteasca Alba and
Feteasca Neagra, present a trade-off between productivity and thermal tolerance, being well adapted
to field conditions.

o Interspecific genotypes Vitis vinifera L. ssp. sativa D.C. x Muscadinia rotundifolia Michx., such as
Alexandrina, Ametist, and Augustina, demonstrate the best physiological performance, combining:

° high photosynthesis,
o controlled transpiration,
° and favorable WUE.

The interspecific genotype Vitis vinifera L. ssp. sativa D.C. x Muscadinia rotundifolia Michx. ‘Ametist’
stands out as the most promising genotype for cultivation under conditions of elevated temperature and
water stress.

The use of plants for the capture and biological fixation of CO, represents one of the most
environmentally friendly methods. Through the process of photosynthesis, plants absorb carbon dioxide and
convert it into organic compounds, primarily carbohydrates, thereby contributing to the reduction of greenhouse
gas concentrations in the atmosphere. The efficiency of this mechanism can be enhanced by developing and
cultivating agricultural plant genotypes with higher photosynthetic and carbon storage potential, providing a
viable and sustainable pathway to strengthen the resilience of agroclimatic ecosystems.
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Table 1. Physiological characteristics of grapevine genotypes

Genotype Leaf Transpiration Stomatal Photosynthesis Water use
temperature (mmol conductance | (umol CO,/m2:s) efficiency
(°C) H,0/m2.s) (mol/mz.s) (WUE) (pmol

COz/mmol H;0)

Vitis vinifera L. ssp. sylvestris Gmel.

28 0,76 0,05 6,17 8,12

33,42 2,62 0,12 6,06 2,31

Vitis vinifera L. ssp. sativa D.C.

Feteasca Alba 28,44 1,85 0,14 8,2 4,43
35,21 4,43 0,21 7,5 1,64

Feteasca Neagra 27,5 1,78 0,14 8,5 4,78
34,56 5,04 0,3 7,25 1,69

Vitis vinifera L. ssp. sativa D.C. x Muscadinia rotundifolia Michx.

Alexandrina 27,41 2,52 0,27 10,68 4,24
35,84 4,56 0,3 9,26 2,03

Ametist 27 1,75 0,16 10,96 6,26
35,57 3,95 0,24 10,3 2,61

Augustina 28,51 2,94 0,28 12,02 4,09
35,62 4,1 0,31 11,1 2,71

Vitis labrusca L.

Ontario 28,9 2,65 0,18 8,5 3,2
33,5 3,35 0,24 7,28 2,17

Conclusions

1. Based on the results of photosynthetic and physiological parameters, interspecific genotypes Vitis
vinifera L. ssp. sativa D.C. x Muscadinia rotundifolia Michx. demonstrated superior water use efficiency (WUE)
and an enhanced capacity for carbon dioxide fixation compared to intraspecific genotypes. Among them, the
genotype Ametist stood out for its high photosynthetic activity and pronounced physiological stability under
thermal stress, highlighting its potential for cultivation in areas affected by climate change.

2. The development and cultivation of plant genotypes with high photosynthetic efficiency and
enhanced abiotic resilience represent a strategic approach in grapevine improvement, offering dual benefits,
both ecological and economic. The implementation of sustainable viticultural practices, focused on optimizing
photosynthetic processes and rational resource management, can transform the viticulture sector into an active
contributor to reducing the carbon footprint and maintaining the ecological stability of agroecosystems.

3. The method for developing new plant genotypes and evaluating carbon fixation efficiency can be
extended and applied to other plant species, both in the agricultural and forestry sectors. Genotypes
characterized by a high CO, capture potential can be propagated vegetatively and introduced into appropriate
areas, thereby contributing to the optimization of carbon sequestration processes and the mitigation of climate
change impacts.
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