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Abstract       The authors studied the effects of drought on soil and of 
overheating on some physiological parameters in 4-year Norway spruce 
seedlings (Picea abies [L.] Karst) from three different sources. Half of the 
seedlings were inoculated with Rhizophagus irregularis. Stress induction in 
the seedlings (inoculated and not inoculated) was done under controlled 
conditions (greenhouse) by cutting watering and increasing temperature for 
16 days (1

st
 stage), followed by rehydration and stress resuming for other 15 

days (2
nd

 stage). We sampled and analysed during dynamics to determine 
assimilating pigments (a and b classes and carotenoids) and free proline in 
the leaves (needles). Stress conditions caused a reduction of the amount of 
assimilating pigments and a decrease of free proline in the foliar apparatus of 
Norway spruce seedlings. The variants inoculated supplementarily had a 
higher ability of adapting to induced stress conditions   
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Among ecological factors that act directly on 

terrestrial biocoenosis, water and solar radiation (both 

luminous and thermal) are essential factors of life 

existence on the Earth. These factors can affect 

terrestrial ecosystems and decrease below certain limits 

or increase above certain limits thus acting as 

ecological factors limiting certain phytocenoses. 

Drought is one of the most important ecological factors 

limiting plant bioproductivity (17). Hydric stress 

caused by drought suffices to disturb normal plant 

metabolic and physiological activity (18). The 

association of hydric stress because of the decrease of 

water supply with thermal stress (increase of 

environmental temperature above adaptive 

supportability limits) can affect irreversibly plant 

metabolism. 

Unlike zoocenosis that, in case of life condition 

changes, can migrate to other territories or can hide and 

protect themselves, phytocenoses need to adapt 

incessantly to life condition changes: they either adapt, 

or disappear from the area. During the existence of a 

forest plant (hundreds or thousands of years), they are 

permanently subjected to the effects of ecological 

factor changes and to the interaction between them. 

Knowing the mechanisms through which plants adapt 

to the changes of ecological factors and environmental 

conditions, as well as knowing the limits of 

adaptability of the different forest species is the key to 

understanding and anticipating the evolution of 

vegetation on Earth under climate change conditions 

(10). 

The current global warming caused by the increase 

of the concentration of atmospheric CO2 possibly 

because of human action (4) is a real phenomenon that 

has marked the last decades. It is expected that the 

concentration of atmospheric CO2 increases (3) or even 

doubles (8). Thus, the effects of global warming will 

intensify and its impact on forest vegetation will be 

dramatic particularly if accompanied by drought, 

particularly during vegetation. Since the impact of 

drought on plants, doubled or not by an increase of 

temperature levels, can be too much for the adaptive 

ability of the plants, we need research regarding the 

response of different forest species to these climate 

changes. Lately, they started numerous studies 

regarding the effects of drought on the species Picea 

abies, a species of particular economic importance (5, 

11, 15). 

Though Norway spruce is a species relatively 

adapted to hostile life conditions (low mean annual 

temperatures and short vegetation periods), managing 

to go in the northern hemisphere above the altitude and 

latitude thresholds of the deciduous species forests, 

global warming can affect it irreversibly. 

This study aims at checking if current global warming 

goes or not beyond the adaptive ability to drought and 

overheating of Norway spruce seedlings and if the area 

of origin influences this ability or not. With the 

maintenance and accentuation of current trends 

(increase of periods of drought during vegetation and 

association of drought with temperature rise), it is 

expected that the species be affected as shown by some 

studies carried out in Europe (11, 15). 
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Material and Methods 

 
Picea abies is a species of forestry and economic 

importance. With an annual increase per ha superior to 

that of the species Abies alba, Picea abies grows in an 

artificial area in Romania (and not only) much larger 

than its natural area because of its economic 

importance.  
The seedlings have different origins: the Bârgău 

Mountains (1140 m high, N47
o
15

'
44" E25

o
1

'
34"), the 

Mic Mountains (760 m high, N45
o
23'49" E22

o
34

'
55") 

and the Poiana Ruscă Mountains (620 m high, 

N45
o
38'54" E 22

o
16

'
27"). The seedlings from the first 

and third locations were harvested from the nurseries 

and those from the second location were harvested 

from natural reforestations. 

The seedlings were planted in recipients at the end 

of October 2013. The capacity of the recipients (40 l), 

the substrate used (peat, manure and sand 1: 1: 1). In 

March 2014, half of the seedlings were inoculated with 

50 ml of Rhizophagus irregularis produced by Inoq 

GmbH (Germany).  

During the experiment, we made observations, 

measurements and analyses regarding the amounts of 

assimilating pigments and free proline content in the 

foliar apparatus of the plants. 

 

Description of the Experiment 

 
On August 5, 2014, we moved the pots with 

seedlings in the greenhouse and we produced hydric 

stress (drought) and overheating; at intervals of 5, 10 

and 15 days after inducing stress, we sampled and 

analysed biological material.  

To determine the amount of assimilating pigments, 

we chopped and ground 0.5 g of needles together with 

quartz sand, which we mixed and homogenised the 

product with 10 ml of acetone (80% v/v). The extract 

thus obtained was centrifuged for 5 minutes at 2,500 

rot/min. Then, from the supernatant obtained we 

extracted 1 ml which we mixed with 9 ml of acetone 

(80% v/v), and we filled, with this final product, a 

micro-vial that we placed in a spectrophotometer. 

Readings were done at 663,2 nm, 646,8 nm and 470 

nm. For sampling, we used a micro-vial with acetone 

(80% v/v). reading processing and calculating the 

amounts of chlorophyll a, b and of carotenoid pigments 

according to the Lichtenthaler Buschmann formula (9). 

To determine free proline, we chopped and ground 

with quartz sand 0.5 g of needles that we mixed and 

homogenised with 10 ml of aqueous sulphosalicylic 

acid (3% v/v). The mixture was centrifuged for 20 

minutes at 3,000 rot/min. We then introduced 2 ml of 

the supernatant obtained into a vial with 2 ml of glacial 

acetic acid and with 2 ml of ninhydric acid (prepared 

by heating and stirring until dissolving 1.25 g 

ninhidrine with 30 ml of glacial acetic acid and with 20 

ml 6M phosphoric acid). The vial was introduced for 1 

h in a drying closet at 100
o
C, after which we cooled 

down in a recipient with water and ice to stop the 

reaction. We then added 4 ml of toluene, stirring well 

for 15-20 seconds. We filled a micro-vial with this 

mixture that we introduced into a spectrophotometer 

reading at 520 nm. We used as a standard a micro-vial 

with toluene at room temperature. We calculated the 

free proline content with the Bates formula (1). 

After 16 days of stress, each variant was rehydrated 

and then after 4 days, we harvested needles again. 

On August 26 and September 1, 2014, half of the 

plants subjected to stress were rehydrated, the rest of 

the seedlings being continuously under stress. The first 

half was used as a control variant. 

Results were analysed graphically and mathematically. 

 

Results 

 

To make the graphs below clear, we need to explain 

the abbreviations below: BM = Bârgau Mountains; 

MM = Mic Mountains; PRM = Poiana Rusca 

Mountains; 1…15 s1 = the number of days from 

drought induction in the 1
st
 stage; 1…15 s2 = the 

number of days from drought induction in the 2
nd

 stage; 

m = mycorrhized variant; w = watered.
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 Fig. 1 Dynamics of chlorophyll a content in Picea abies in the 1

st
 stage of hydric stress  

 

 
Fig. 2. Dynamics of chlorophyll b content in Picea abies in the 1

st
 stage of hydric stress 

 

 
Fig. 3 Dynamics of carotenoid pigment amounts in Picea abies in the 1

st
 stage of hydric stress  

 

Stress conditions determined a reduction of the total 

amount of assimilating pigments (Figures 1, 2, 3). The 

process is obvious in chlorophyll a and b, but the ration 

3: 1 in favour of chlorophyll a is maintained. As shown 

in Figure 3, the least affected by the drought are 

carotenoid pigments. After rehydration, the content of 

assimilating pigment content tends to regain normal 

values. 
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Analysing the seedlings comparatively depending on 

area of origin, we see that most assimilating pigment 

amounts are present in the foliar apparatus of the 

seedlings from the Bârgăului Mountains, while the 

lowest amount was in the seedlings from the Mic 

Mountains. Inoculating the seedlings had favourable 

effects on the content of assimilating pigments 

(chlorophyll a and b and carotenoids) no matter their 

origin. These results correspond to those in other 

studies that pointed out the beneficial role of artificial 

mycorrhizal inoculation of Norway spruce seedlings 

subjected to different abiotic stress conditions. (6, 12, 

13).

 

 

 

 
Fig. 4 Dynamics of free proline in Picea abies in the 1

st
 stage of hydric stress 

  

 
Fig. 5 Dynamics of free proline in Picea abies in the 2

nd
 stage of hydric stress  

 

 

Data presented above show that proline reflects 

stress much better through water deficit and 

overheating. Analysing data regarding the dynamics of 

free proline content in the foliar apparatus of Norway 

spruce seedlings subjected to stress conditions (Figure 

4), we see that intensified drought increases its level 

(5s, 10s, 15s) while rehydration reduces it (4s), no 

matter the origin of the biological material and whether 

they were inoculated or not.
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Fig. 6 Dynamics of free proline in Picea abies in the 2

nd
 stage of hydric stress in hydrated seedlings 

 

 

In the 2
nd

 stage of the experiment (Figure 5 – 9 s2 

and 14 s2), free proline exerts its role of osmoprotector 

in Norway spruce seedlings subjected to stress 

conditions: its values increase with the intensification 

of drought and overheating. 

These preliminary results draw us to the idea of the 

existence of competition of chlorophyll-proline 

biosynthesis based on the existence of a common 

precursory, glutamic acid. This theory was 

demonstrated in time by numerous researchers in 

different species subjected to abiotic stress (2, 7, 14, 

and 16). 

 

Conclusions 

 
1.Hydric deficit and overheating determine important 

physiological changes in Norway spruce seedlings. 

2.Stress conditions have generated a reduction of the 

total amount of assimilating pigments and an increase 

of the content of free proline in the leaves. 

3.Stress intensity is directly proportional with the 

magnitude of the metabolic damages. 

4.There are important differences between the seedling 

ecotypes depending on the area of origin. The highest 

adaptability to drought was in the seedlings from the 

Bârgăului Mountains. 

Artificial mycorrhizal inoculation had beneficial 

effects on Norway spruce seedlings subjected to stress 

conditions. 

 

 

References 

 
1.Bates L. S., Waldren R. P., Teare I. D. (1973): Rapid 

determination of free proline for water stress studies, 

Plant and Soil, 39, Kluwer Academic Publishers, 205-

207; 

2.Beinsan C, Camen D, Sumalan R, Babau M (2009): 

Study concerning salt stress effect on leaf area 

dynamics and chlorophyll content in four bean local 

landraces from Banat area. 4th Croatian & 4th 

International Symposium on Agriculture;  

3.Busch F. A., Sage T. L., Cousins A. B., Sage R. F. 

(2013): C3 plants enhance rates of photosynthesis by 

reassimilating photorespired and respired CO2, Plant, 

Cell & Environment, 36, 200-212; 

4.Cox P. M., Betts R. A., Jones C. D., Spall S. A., 

Totterdell I.J. (2000): Acceleration of global warming 

due to carbon-cycle feedbacks in a coupled climate 

model, Nature 408, 184 -187; 

5.Dimitrová Ľubica, Kurjak D., Palmroth Sari, Kmeť 

J., Střelcová Katarina (2009): Pysiological responses of 

Norway spruce (Picea abies) seedlings to drought 

stress, Tree Physiology, 30, 205-213; 

6.Holuša J., Pešková Vítězslava, Vostrá Libuše, Pernek 

M. (2009): Impact of mycorrhizal inoculation on 

spruce seedling: comparisons of a 5-year experiment in 

forests infested by honey fungus, Periodicum 

Biologorum 111, 413-417; 

7.Yildiz M., Terzi H. (2013): Effect of NaCl Stress on 

Chlorophyll Biosynthesis, Proline, Lipid Peroxidation 

and Antioxidative Enzymes in Leaves of Salt-Tolerant 

and Salt-Sensitive Barley Cultivars, Journal of 

Agricultural Sciences 19, 79-88; 

8.King A. W., Emanuel W. R., Post W.M. (2012): 

Projecting future concentrations of atmospheric CO2 

with global carbon cycle models: The importance of 

simulating historical changes, Environmental 

Management, 16, 91-108. 

9.Lichtenthaler H. K., Buschmann C. (2001): Current 

Protocols in Food Analytical Chemistry, Unit F 4.3., 

John Wiley & Sons; 

10.Niinemets U (2010): Responses of forest to single 

and multiple environmental stresses from seedlings to 

mature plants: Past stress history, stress interactions, 

tolerance and acclimation, Forest Ecology and 

Management, 260, 1623-1639; 

11.Oren R., Werk K. S., Buchmann Nina, 

Zimmermann R. (1992): Chlorophyll-nutrient 

relationships identify nutritionally caused decline in 



 151 

Picea abies stands, Canadian Journal of Forest 

Research, 1187- 1195 

12.Pešková Vítězslava, Lorenc F., Modlinger R., Pokor 

Veronika (2015): Impact of drought and stand edge on 

mycorrhizal density on the fine roots of Norway 

spruce, Annals of Forest Research 58, 1-13; 

13.Pretzsch H., Rötzer T., Matyssek R., Grams T.E.E., 

Häberle K.H., Pritsch K., Kerner R., Munch J.C. 

(2014): Mixed Norway spruce (Picea abies [L.] Karst) 

and European beech (Fagus sylvatica [L.]) stands under 

drought: from reaction pattern to mechanism, 

www.academia.edu/8784893/ 

14.Skuodiené L. (2001): Quantitative changes in 

aminoacid proline and chlorophyll in the needles of 

Picea abies Karst. (L.) during stress and adaptation, 

Scientific Journals, Biologija, 54-56; 

15.Slugeňová Katarina, Dimitrová Ľubica, Kurjak D., 

Váľká J. (2011): Drought and aluminium as stress 

factors in Norway spruce (Picea abies [L.] Karst) 

seedlings, Journal of Forest Science, 57, 547-554; 

16.Sumalan R., Dobrei C., Camen D., Mosoarca G., 

(2007): Drought effects upon proline and chlorophyll 

metabolism in oat cultivars (Avena Sativa l.), Lucrări 

Ştiinţifice, Facultatea de Agricultură - Scientifical 

Papers: Faculty of Agriculture (Univ de Ştiinţe 

Agricole şi Medicină Veterinară a Banatului 

Timişoara), XXXIX, Partea a II-a, ISSN: ISSN 1221-

5279, 519; 

17.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; 

18.Zlatev Z. S., Yordanov I. T. (2004): Effects of soil 

drought on photosyntesis and chlorophyll fluorescence 

in bean plants, Bulgarian Journal of Plant Physiology, 

30, 3-18. 

 

http://www.academia.edu/8784893/

