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Abstract

Climate change has exacerbated difficulties for both the environment and humans in recent years, with
major consequences on the resilience and ecological diversity of forests, including those of silver fir (Abies alba
Mill.). Because cold stress is an important challenge to silver fir seedling growth, particularly in the early phases
of development, the goal of this study was to find potential genetic resources with appropriate responses to the
action of low temperatures. Thus, traits of interest were studied in the early stage of seedlings from seven
different Romanian provenances. Soil electrical conductivity, root weight, and total seedling weight were found
to be related to seedling growth and biomass elements. The results revealed substantial differences depending
on geographical origin. Garda Seaca provenance had the highest seedlings tolerance. Exposure to varying low
temperatures revealed minor variations between seedlings from the control and those treated to =20 °C, which
might be explained by the current temperatures in Romania’s silver fir producing area. However, exposing to
—40 °C all seedlings showed deterioration. Soil electroconductivity reduced as exposure temperature decreased,
emphasizing the link between cold stress and soil effects on fir seedling growth. Some Romanian provenances
could be useful for future silver fir breeding or afforestation and reforestation operations.
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Introduction

Scientists and society have become increasingly concerned about climate change in recent years.
Numerous abiotic stressors, such as soil salinity, temperature and drought, influence plant and agricultural
growth, as well as the distribution of wild species in the natural environment (Kopeckd er al, 2023).
Furthermore, temperature stress limits seedlings’” growth, especially in the early stages of plant development.
Taking into account all these, coniferous forests are considered to be susceptible ecosystems to the effects of
climate change (Leites er a/, 2023). Climate change is anticipated to have huge effects on forests globally. The
world's forests are among our most prominent natural resources, giving immeasurable ecological, social and
economic services. They are under greater pressure than at any time in the past and face the consequences of
human population growth, progress in economic services and increasing climate change (Trivedi, 2023; Sahoo
etal,2023).

In general, abiotic factors can affect terrestrial ecosystems by both decreasing and increasing above
certain limits the optimal values for plants, acting as ecological limiting factors on certain plant communities
(Miron et al, 2018). Water, along with solar radiation, are essential ecological factors for life on Earth.
Temperature is also one of the most important ecological factors limiting plant bio-productivity (Zhang et al,
2005). It is also a major environmental factor that limits the distribution, productivity, and survivability of
plants (Theocharis er al, 2012; Wu ez al 2015). One of the basic processes governing productivity and growth
of silver fir, that may be severely affected by temperature, is carbon gain (Robakowski et a/, 2002). Even more,
the association of soil water deficit with thermal stress can drastically and irreversibly affect vegetative and
reproductive development of plants (Zhang er al, 2020).

Silver fir (Abies alba Mill.) is one of the most important forest trees in Central Europe, particularly in
mountainous terrain and in the continent’s southern and eastern regions (Ancuceanu er al, 2023). It is
acknowledged as a valuable forest species due to its numerous uses (Todea e al, 2019; Todea er al, 2020).
However, managing its genetic resources and effectively conserving such populations, faces tremendous
challenges in the current state of climate change and the applied forestry strategies, while germination of the
species is known to be problematic.

Recently a clear decline of A. albastands in Central European forests was reported (Novak and Kacilek,
2023). This is concluded to be determined not by a single inducing factor, but reflecting a more concerning
behaviour of the species, and more specifically, its low resistance and low adaptability to different adverse
environmental factors, that appear now days even within its natural distribution areas, and represent limitative
circumstances.

Though silver fir, as a species, has a rather wide ecological distribution, it is possible that phenomena
triggered by the global changes have irreversible effects on Abies populations (Slugeniové er al, 2011). The
current study adds new data regarding the variability and adaptability of the species and contributes to the
finding of possible genetic resources with an adequate response to the effects of various abiotic stressors,
considering the fact that in Romania, fir and spruce are the most important coniferous species, both from
economic and ecological perspectives.

The main purpose of this study was to identify possible genetic resources with an adequate response to
the action of low temperatures, Considering cold as one of the abiotic stress factors. Secondly, electric
conductivity of the soil was correlated with the growth parameters of the tested seedlings originated from
different areas (provenances).
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Materials and Methods

Seedlings’ origin, growth conditions and stress treatments

A. albaMill. seedlings were obtained from different arcas in Romania, from seed stands included in the
National Catalogue of Forest Genetic Resources and Forest Reproductive Materials. The geographic locations
are descripted of each population in Table 1 and represented in Figure 1. All the provenances originated in
areas of the Romanian Carpathians, five of them being located in the north-western part of the Romania, one
in the northern part and one in the central part.

Thus, one-year-old seedlings were collected and stored at a constant temperature of 20 °C for several
days in ICHAT laboratory (USAMV Cluj-Napoca) in order to perform the related measurements and
analyses. Seedlings were maintained in 0.3-liter individual pots containing Humin-substrate N3 (Klasmann-
Deilmann, Germany), in plastic trays, with controlled temperature and under natural light.

To test the performance of the seedlings to various low temperatures, three thermal stress treatments
at =20 °C, —30 °C and —40 °C respectively were started, after 14 days of laboratory acclimatization as stated
above, using different freezers. There were also taken care in parallel of seedlings for each provenance, kept in
normal laboratory conditions, considered as control. After 30 days, samples were collected for each provenance,
for each treatment, in order to measure a set of growth parameters: seedlings diameter, height, number of
needles, root weight and total weight of the seedlings.

Substrate samples were also taken from the pots, to test the electrical conductivity, as detailed further.

Table 1. The studied A. alba provenances with specific characteristics

. Administrative | Latitude/ 2 G Mea‘n 'fmn.ua.l Altitude
Nr | Population | County . . temperature | precipitation
location Longitude N (m asl)
(*C) (mm)
OS. Valea -
1. Valea Alba | Ariesului, UL, | 4027 N/ 5.5 922 1050 - 1325
Bistrei 23°01'E
u.a. 228B
OS. Somegul .
5 | Somesul Clyj Rece UPT ua. | 1038 N/ 7.1 885 690 - 1250
Rece 23°14'E
92A
. . OS Izvorul Florii | 45°37'N/
3. Avrig Sibiu UP I ua75A 24T E 5.7 798 900 - 1150
OS. Poieni, UP 47°54' N/
4. Budescu | Maramures IV, 12 96 A 2436 E 6.2 986 860-1120
OSP. Abrud UP | 46°20'N /
5. Sohodol Alba V18 C 23°06'E 5.3 794 870 - 1030
Valea OSP. Abrud U 46°19'N /
6. Morii Alba V.ua39 22°56'F S.1 850 1080 - 982
Garda 0OS. Garda UP 46°31'N /
7. s Alba Vi oa 20 e B 49 822 1090 - 1285

Note: Populations and description code (administrative location) are detailed according to the National Catalogue of
Forest Genetic Resources, Bucharest 2011.
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Figure 1. Geographical location of the analysed provenances of A. alba

Note: 1. T-5.5;P-922; A-1050-1325; 2. T - 7.1; P - 885; A - 690-1250; 3. T - 5.7; P - 798; A - 900-1150; 4. T - 7.2;
P-986; A -860-1120;5.T-5.3; P - 794; A - 870-1030; 6. T - 5.1; P - 850; A - 1080-982; 7. T - 4.9; P - 822; A - 1090-
128

Substrate analysis

At the end of the thermal treatments, electrical conductivity was determined in the soil samples. The
electrical conductivity (EC) is a parameter related to the concentration of ions in the soil and, therefore, to the
degree of abiotic stress affecting the plants (Bresler ez al, 1982). Electrical conductivity (EC1:5) was measured
with a conductivity-meter and expressed in dS ™.

Analysis of plant growth parameters

Before starting the stress treatments (time 0), the stem length and the number of needles were
determined for all A. alba seedlings. To analyse the effects of cold stress at different negative temperatures, in
the stage of early vegetative growth, the following parameters were determined also at the end of the treatments
(time 1), in control and stressed seedlings: increases in stem length (SL) and in the number of needles (Nno)
with respect to the values measured at time 0; root weight (RW) and total weight (TW) of the plants (Figure
2). The precision balance was used to determine the weight mass, and a specialized software (Digimizer Image
Analysis Software) was used for to measure the length.



Morar IM er al. (2023). Nova Geodesia 3(4):136

Figure 2. A. alba seedlings measurements realised in laboratory before and after the thermal stress
treatments

Statistical analyses

Data were analysed using the program Statgraphics Centurion XVI (Statgraphics Technologies, The
Plains, VA, USA). Significant differences between treatments were tested by one-way analysis of variance
(ANOVA) at the 95% confidence level, and post hoc comparisons were made using the Tukey’s HSD test at p
< 0.05. Hierarchical cluster analysis (HCA) and the corresponding heatmap were performed using the
ClustVis tool (Metsalu and Vilo, 2015) for traits for which significant differences (p < 0.05) had been detected
in the ANOVA, with the purpose to find a signature of responses specific to the abiotic (thermal) stresses
applied.

Results
Plant growth analysis and the substrate analysis

Seedlings collected from different provenances, with distinct ecological parameters, display a strong
variability for means of number of needles, length and weight.

Regarding the seedling’s length, Girda Seacd provenance recorded the highest value for all treatments
(with 8.66 cm for the —40 °C treatment and 10.14 cm for the control) (Figure 3).

Considering the number of needles, it was noticed a significant decrease as the temperature dropped. It
is important to mention that cold stress exposure at various low temperatures revealed no differences between
seedlings from different geographic origins at —20 °C, thus at this temperature, most probably expected in the
species natural areal, the studied trait was not affected.

Cold stress exposure at various low temperatures revealed no differences between height, diameter, and
number of needles within the seedlings from different geographic origins, when exposed at —20 °C, but
seedlings exposed to —40 °C were compromised within all provenances investigated.

Regarding the seedlings diameter for all the treatments significant differences were noticed between
provenances (Figure 4). What is worth to mention is that between the control and —20 °C exposure, the
differences were not significant, showing once again that a stress of =20 °C would not affect this species.
Instead, a decrease in values can be noticed as the temperature decreases, so that at —40 °C the lowest values
were recorded. Even so, among the populations, at —40 °C, the highest values for the diameter were recorded
in Avrig followed by Valea Bistrei.
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Figure 3. Effect of 30 days of thermal stress treatments on stem elongation in Abies alba seedlings
Bars represent mean values + SD. Different lowercase letters within the bars indicate significant differences between

origins according to the Tukey post-hoc test (p < 0.05)
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Figure 4. Effect of 30 days of thermal stress treatments on stem diameter in Abies alba seedlings
Bars represent mean values + SD. Different lowercase letters within the bars indicate significant differences between
origins according to the Tukey post-hoc test (p < 0.05)

The results of EC revealed significant differences between thermal treatments (Figure 5). The EC of the
soil decreased as the temperature dropped. It was noticed that for the treatment with =20 °C no significant
differences were recorded between the all the provenances, but at =30 °C and especially at —40 °C significant
differences appeared. For the lowest temperature =40 °C, EC of the soil, the highest value was recorded at the
Valea Morii and Garda Seaca provenances, and the lowest at Budescu provenance.
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Figure 5. Substrate electrical conductivity (EC1:5) in the control seedlings and after 30 days of thermal

stress at different low temperatures
Different lowercase letters above the bars indicate significant differences between treatments for each population, and
different capital letters indicate significant differences between populations for plants undergoing the same treatment,

according to the Tukey test (p < 0.05)

Analysing root weight, hierarchical cluster illustrated an appropriate linkage between the =30 °C and
—40 °C treatments, as well as a grouping between the seedlings in the control and those subjected to thermal
stress at —20 °C (Figure 6). It was also notable a grouping of the seven sources analysed, thus, Garda Seaci
formed a single main cluster, while the rest of the provenances formed a second main cluster. As noted in the
official registration data (Table 1), the mean temperature at this area is the lowest within the investigated
provenances, even if only small differences are noted among some provenances closely located, so that is may
be assumed that the seedlings originated from the respective provenance might be more adapted to low

temperaturcs.
Ct day 30
T-20°C
T-30°C
- 3 . 8 4.15
g E 2
i z = m E 3 31
-] ] Q =)
] 23] - == A <« M 504
0.99

Figure 6. Hierarchical cluster in regard with the root weight of the seedlings from seven Romanian
provenances of A. alba, subjected to 30 days of thermal stress treatments

Regarding the total weight of the seedlings, it was noticed a grouping of the seedlings depending on the
applied treatments, in which two main clusters were similarly formed: one made up of the treatments =30 °C
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and —40 °C, and the other from the control seedlings and —20 °C, illustrating a connection between these.
Also, two major clusters were formed in terms of the proximity between the source. Avrig and Valea Morii
formed a cluster, and the other sources formed the second cluster (Figure 7).

T-20°C
T-40°C

T-30°C
® 4.15
'z % *8 =
3 i g 5
2 G 3 g & " E 3.02
T 3 £ E B E 2
aq] = 7] 73] o] < == 1.89
0.76

Figure 7. Hierarchical cluster in regard with the total weight of the seedlings from seven Romanian
provenances of A. alba, subjected to 30 days of thermal stress treatments

Principal Component Analysis (PCA) is a statistical technique used to analyze and simplify data sets by
transforming them into a set of linearly uncorrelated variables called principal components. In our
experimental conditions PCA showed a clear separation of the seedlings response when considering both the
provenance of origin and thermal stress treatments (Figure 8). This indicates differences in the growth rates of
the seedlings from different provenances and showed that the different genotypes do not respond in the same
way to stress conditions, at least not in our experimental conditions.

451 T-40°C
T-309C
T-20°C
3.0
- oVjalea/ Morii
= 1.54
2
15}
=
S oValed Tei eSomesul Rece
20 (s Ve, 0.5 Fohoaii 0.5 10 L5 2.0
eBudescu oGirda Seaci
-1.59
Ct day 30
-3.0°

Component 1

Figure 8. Principal Component Analysis (PCA) based on the first and second components, observed in
seven Romanian provenances of A. a/ba subjected to one-month thermal stress treatments
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Statistics analysis of data

The ANOVA highlighted the effect of the thermal stress treatments and the populations, as well as their
interaction on the analyzed parameters compared to the controls. All analysed parameters showed a significant
variation according to ‘treatment’. According to the ‘population’ variable, all other parameters showed
significant differences between populations Garda Seaca being the one that significantly differentiated itself for
seedlings height and Avrig for seedlings diameter. Hierarchical cluster illustrated an appropriate linkage
between the =30 °C and —40 °C treatments, and the Principal Component Analysis showed an appropriate
linkage between provenances Valea Bistrei and Sohodol.

Discussion

Forest ecosystems are frequently exposed to various abiotic stress factors, which negatively affect their
growth, resistance, or even survival (Niinemets, 2010; Teshome er al, 2020), and silver fir is often subjected to
abiotic stressors (Todea et al, 2020; Morar er al, 2023). In forestry, silver fir is frequently studied with respect
to its significant decline that has been periodically noticed in most of the native fir distribution range
(Konopkové er al, 2018). Plant photosynthetic processes are highly sensitive to environmental changes and
depend on multiple aspects (Stirbet and Govindje, 2011). Low-temperature stress increases reactive oxygen
species (ROS) in plant metabolic pathways, reduces tolerance to antioxidant enzymes, damages protein and
DNA, accelerates chlorophyll decomposition in leaves, and overall slows down plant growth (Varela e al,
2016; Liu er al, 2019b).

In the current study it was noticed that the cold stress exposure at various low temperatures revealed no
differences between seedlings from different geographic origins at =20 °C, a finding explained by temperatures
in the Romanian fir-growing regions. For seedlings length, Girda Seaci provenance recorded the highest value
for all treatments. This fact can be explained by the fact that Garda Seaci is a provenance in Alba country,
where negative temperatures are often encountered in winter, reaching up to =20 °C or —30 °C.

As for the number of needles, it was noticed that they almost completely felt within the seedlings exposed
to —40 °C, showing that the fir seedlings suffered a severe stress at this negative temperature. Thus, this can be
considered a reaction of the A. alba species under stress conditions, at least for one-year-old seedlings. Our
results clearly showed that the low temperature significantly affected the seedlings growth, whereas it was
previous noticed a reduction in the growth and development of the fir seedlings (Zhang er a/, 2020). Thus, it
can be concluded that stress induced by thermal stress determines important physiological reactions in Abies
albaseedlings (Miron er al, 2018; Csilléry er al, 2020, 2022).

Seedlings exposed to —40 °C were compromised within all provenances investigated. Different other
studies clearly showed that low temperature caused decreases in plants growth, significantly slowed the growth,
reduced the photosynthesis, altered the internal leaf structure, and destroyed the chloroplast structure, thus
negatively affecting the normal growth and development of different plants (Roschanski ez a/, 2016; Camarero
and Gutiérrez, 2017; Zhang et al, 2020). The obvious negative and distractive effect has been demonstrated
hereby at a temperature that can be registered in different parts of Europe, even if only as an accidentally
occurrence.

For the conifers, being considered species with a slow growth, long—term treatments are generally
required to detect the effects of the applied stress (Schiop ez al, 2015). Although the silver fir is considered a
slow-growing species, especially in the first years of life (Wolf, 2003), in our experimental conditions, one-
month treatments over one-year-old seedlings were sufficient to detect significant relative reductions in some
growth parameters, such as stem length, stem diameter, root weight, or the number of needles, compared to the
unstressed plants. A significant reduction of the number of needles in response to temperature drop was also
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noticed for all populations. Therefore, in our experimental conditions, silver fir does not seem to be resistant
to —40 °C at the seedling stage.

The electroconductivity of soil under thermal (cold) stress suggested the soil's capacity to conduct
electrical currents when exposed to low temperatures. Cold stress can influence the soil's electrical conductivity,
impacting its physical and chemical characteristics. Temperature has a significant impact on salt solubility.
Solubility increases with temperature; conversely, solubility decreases with temperature. The EC is lower when
precipitation of salt causes a decrease in solubility.

In our experimental conditions, it is evident that silver fir exhibits limited resistance to thermal stress
the seedling stage, aligning with previously reported observations in adult trees. This is evidenced by the clear
inhibition of seedling growth under stress treatments. Notably, it is important to highlight the substantial
variation in growth inhibition patterns among the studied populations. This observation aligns with prior
research indicating pronounced differentiation in silver fir populations concerning growth, ecophysiological,
and biochemical traits. Such distinctions are attributed to disjunctions in its distribution, as indicated by the
effects of the applied stress, as demonstrated in earlier studies with other stress factors (Schiop er al, 2015;
Todea eral, 2019).

Assessment of the diversity of seedlings traits variation is of great relevance to the conservation of genetic
resources and management of silver fir (A. a/ba) populations (Todea Morar et al, 2020; Puglielli er a/, 2022).
Such a results may have theoretical and practical importance for the future silver fir breeding programs in
Romania and also for the afforestation programs, especially in the context of current climate changes.
Therefore, we conclude that the hereditary basis (provenance) is very important in the reaction of this species
to thermal stress conditions, so we can affirm that silver fir presents a relatively high plasticity to thermal stress

depending on the origin.

Conclusions

The study highlighted correlations between the effects of cold on the growth of silver fir seedlings, and
highlighted some valuable sources for future strategies of species breeding and capitalize of forest genetic
resources. Climate change mitigation regarding forest ecosystems is a key topic in forestry. Thus, observations
of physiological processes are necessary because they enable modelling and prediction of tree responses to rapid
climate change and therefore make possible to identify populations with good growth and
resistance/adaptability to various stress factors. These evaluations could enhance the silvicultural strategy of
the species and help to identify potential valuable seedlings sources.

Authors’ Contributions

Conceptualization, LM.M., AM.T. and A.F.S.; methodology, LM.M., M.B. and F.L; software, A.F.S.
and F.L; validation, M.B. and F.I; formal analysis, LM.M., C.D., and A.M.T ; investigation, LM.M., C.D. and
AM.T,; resources, LM.M.; data curation, LM.M and C.D. writing—original draft preparation, LM.M. and
C.D.; writing—review and editing, M.B. and A.F.S.; visualization, C.D. and F.L; supervision, M.B. and A.F.S;
project administration, LM.M.; funding acquisition, LM.M. All authors have read and agreed to the published
version of the manuscript.

10



Morar IM er al (2023). Nova Geodesia 3(4):136
Acknowledgements

This research was funded by the University of Agricultural Sciences and Veterinary Medicine from
Cluj-Napoca (USAMVCN), and UEFISCDI, Ministry of Research and Innovation, through the project
number PN-III-P1-1.1-PD-2021-0651.

Conflict of Interests

The authors state that there are no conflicts of interest associated with this article.

References

Ancuceanu R, Hovanet MV, Miron A, Anghel AL, Dinu M (2023). Phytochemistry, biological, and pharmacological
properties of Abies alba Mill. Plants 12(15):2860. Attps://doi.org/10.3390/plants12152860

Bresler E, Mcneal BL, Carter DL (1982). Saline and sodic soils. Principles ~Dynamics — Modeling. Springer — Verlag,
Berlin.

Camarero JJ, Gutiérrez E (2017). Wood density of silver fir reflects drought and cold stress across climatic and
biogeographic gradients. Dendrochronologia 45:101-112. Actps://doi.org/10.1016/].dendro.2017.07.005
Gsilléry K, Buchmann N, Brendel O, Gessler A, Glauser A, Doris Kupferschmid A (2022). Recovery of silver fir (Abies
alba Mill.) seedlings from ungulate browsing mirrors soil nitrogen availability. Tree Physiology 42(2):273-288.

heeps://doi.org/10.1093/trecphys/tpabl05

Gsilléry K, Buchmann N, Fady B (2020). Adaptation to drought is coupled with slow growth, but independent from
phenology in marginal silver fir (Abies alba Mill.) populations. Evolutionary Applications 13(9):2357-2376.
heeps://doi.org/10.1111/eva. 13029

Kopeckd R, Kameniarovd M, Ccrn}’l M, Brzobohaty B, Novék ] (2023). Abiotic stress in crop production. International
Journal of Molecular Sciences 24(7):6603. Attps://doi.org/10.3390/ijms24076603

Leites L, Benito Garzén M (2023). Forest tree species adaptation to climate across biomes: Building on the legacy of
ecological genetics to anticipate responses to climate change. Global Change Biology 29(17):4711-4730.
heps://doi.org/10.1111/gch. 16711

Liu YS, Geng JC, Sha XY, Zhao YX, Hu TM, Yang PZ (2019b). Effect of rhizobium symbiosis on low-temperature
tolerance and antioxidant response in alfalfa (Medicago sativa L.). Frontiers in Plant Science 10:538.
hreps://doi.org/10.3389/pls.2019.00538

Metsalu T, Vilo J (2015). ClustVis: A web tool for visualizing clustering of multivariate data using Principal Component
Analysis and heatmap. Nucleic Acids Research 43:W566-W570. hrtps://doi.org/10.1093/nar/gkv468

Miron MS, Cristea V, Sumalan RL (2018). Physiological responses of European silver sir (Abies alba Mill.) seedlings to
drought and overheating induced stress conditions. Journal of Horticulture, Forestry and Biotechnology 22:115-
120.

Morar IM, Dan C, Sestras RE, Stoian-Dod RL, Truta AM, Sestras AF, Sestras P (2023 ). Evaluation of different geographic
provenances of silver fir (Abies alba) as seed sources, based on seed traits and germination. Forests 14(11):2186.
heeps://doi.org/10.3390/f14112186

Niinemets U (2010). Responses of forest trees to single and multiple environmental stresses from seedlings to mature
plants: past stress history, stress interactions, tolerance and acclimation. Forest Ecology and Management
260(10):1623-1639. Attps://doi.org/10.1016/j.foreco.2010.07.054

Novak J, Kacalek D (2023). Support for silver fir (Abies alba Mill.) in managed forests. Journal of Forest Science 69(2):1-
43,

Parnutd G, Stuparu E, Budeanu M, Scirlitescu V, Marica FM, Lalu I, Curtu AL (2011). Catalogul national al resurselor
genetice forestiere [ National Catalogue of Forest Genetic Resources] (in Romanian). Editura Silvici, Bucuregti.

Robakowski P, Montpied P, Dreyer E (2002). Temperature response of photosynthesis of silver fir (Abies alba Mill.)
seedlings. Annals of Forest Science 59(2):163-170. Azep://dx.doi.org/10.1051/forest:2002003

11



Morar IM er al (2023). Nova Geodesia 3(4):136

Roschanski AM, Csilléry K, Liepelt S, Oddou-Muratorio S, Ziegenhagen B, Huard F, Ullrich KK, Postolache D,
Vendramin GG, Fady B (2016). Evidence of divergent selection for drought and cold tolerance at landscape and
local scales in Abies alba Mill. in the French Mediterranean Alps. Molecular Ecology 25(3):776-794.
heeps://doi.org/10.1111/mec. 13516

Sahoo G, Wani AM, Prusty M, Ray M (2023). Effect of globalization and climate change on forest—A review. Materials
Today: Proceedings 80:2060-2063. Artp://dx.doi.org/10.1016/j.matpr.2021.06.113

Schiop TS, Al Hassan M, Sestras AF, Boscaiu M, Sestras R, Vicente O (2015). Identification of salt stress biomarkers in
Romanian  Carpathian populations of Picea abies (L.) Karst. PloS One 10(8):e0135419.
https://doi.org/10.1371/journal pone.0135419

Slugenové Katarina, Dimitrova Lubica, Kurjak D, Vialka J (2011): Drought and aluminium as stress factors in Norway
spruce (Picea abies [L.] Karst) seedlings. Journal of Forest Science 57:547-554.

Stirbet A, Govindje E (2011). On the relation between the Kautsky effect (chlorophylla a fluorescence induction) and
Photosystem II: basics and applications of the OJIP fluorescence transient. Journal of Photochemistry and
Photobiology B: Biology 104(1-2):236-257. https://doi.org/10.1016/j jphorobiol.2010.12.010

Teshome DT, Zharare GE, Naidoo S (2020). The threat of the combined effect of biotic and abiotic stress factors in
forestry under a changing climate. Frontiers in Plant Science 11:1874. Artps://doi.org/10.3389/fpls.2020.601009

Theocharis A, Christophe C, Barka EA (2012). Physiological and molecular changes in plants grown at low temperatures.
Planta 235(6):1091-1105. hetps://doi.org/10.1007/500425-012-1641-y

Todea IM, Gonzalez-Orenga S, Boscaiu M, Plazas M, Sestras AF, Prohens J, ... Sestras RE (2020). Responses to water
deficit and salt stress in  silver fir  (Abies alba Mill) seedlings. Forests  11(4):395.
heeps://doi.org/10.3390/F11040395

Todea IM, Gonzalez-Orenga S, Plazas Avila MDLO, Sestras AF, Prohens Tomis J, Vicente O, Sestras RE, Boscaiu M
(2019). Screening for salt and water stress tolerance in fir (Abies alba) populations. Notulae Botanicac Horti
Agrobotanici Cluj-Napoca 47(4):1063-1072. Attps://doi.org/10.15835/nbha47411348

Trivedi J, Chakraborty D, Nobanee H (2023). Modelling the growth dynamics of sustainable renewable energy-
Flourishing green financing. Energy Policy 183:113846. Attps://doi.org/10.1016/j.enpol.2023.113846

Varela SA, Weigandt MN, Willems P, Bianchi E, Diez JP, Gyenge JE (2016). Physiological status of conifer seedlings
treated with radiation, drought and frost stress mitigation techniques: a laboratory assessment. New Forests 47:87-
103. Ateps://doi.org/10.1007/5s11056-015-9485-5

Wolf H (2003). EUFORGEN technical guidelines for genetic conservation and use for silver fir (Abies alba).
International Plant Genetic Resources Institute, Rome, Italy.

Wu ZJ, Li XH, Liu ZW, Li H, Wang YX, Zhuang J (2015). Transcriptome-based discovery of AP2/ERF transcription
factors related to temperature stress in tea plant (Camellia sinensis). Functional and Integrative Genomics
15(6):741-752. heeps://doi.org/10.1007/s10142-015-0457-9

Zhang F, LuK, GuY, Zhang L, Li W, Li Z (2020). Effects of low-temperature stress and brassinolide application on the
photosynthesis and leaf structure of tung tree seedlings. Frontiers in Plant Science 10:1767.
heeps://doi.org/10.3389%2Ffpls.2019.01767

Zhang X, Wu N, Li C (2005). Physiological and growth responses of Populus davidiana ecotypes to different soil water
contents. Journal of Arid Environments 60:567-579. Attps://doi.org/10.1016/] jaridenv.2004.07.008

12



OPEN ACCESS|

Morar IM er al (2023). Nova Geodesia 3(4):136

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any
other lawful purpose, without asking prior permission from the publisher or the author.

License - Articles published in are Open-Access, distributed under the terms and conditions
of the Creative Commons Attribution (CC BY 4.0) License.

© Articles by the authors; Licensec [IYER®gY, Cluj-Napoca, Romania. The journal allows the author(s) to hold the

copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published

in the journal.

> Maps and affiliations: The publisher stays neutral with regard to jurisdictional claims in published maps and institutional

affiliations.

»  Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for

the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors

or persons to whom they are credited. Publication of research information does not constitute a recommendation or

endorsement of products involved.

13



	Header Repository
	Downloaded from
	Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


	18821_Ioras_F



