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Abstract

Deligöz A., Bayar E., Genç M., Karatepe Y., Kırdar E., Cankara F.G. (2018): Seasonal and needle age-related 
variations in the biochemical characteristics of Pinus nigra subsp. pallasiana (Lamb.) Holmboe. J. For. Sci., 
64: 379–386.

Variations in the photosynthetic pigments and total carbohydrate contents of needles of different age classes (current-
year, 1-year-old, 2-year-old and 3-year-old) of Pinus nigra subsp. pallasiana (Lambert) Holmboe trees in a young 
natural stand were investigated during the growing season. In current-year needles, total carbohydrate content was 
lower during June and July when the needle growth continued than in older age classes, but it was similar to other age 
classes in the months of August to October. Seasonal patterns of variations in total carbohydrate content were almost 
similar in 1-, 2-, and 3-year-old needles. Chlorophyll and carotenoid contents increased from May to June, remained 
relatively constant or declined slightly during summer and autumn in 1-, 2-, and 3-year-old needles. In October, the 
pigment content was highest in 1-year-old needles, and lowest in 3-year-old needles. Our study indicated that total 
carbohydrate and pigment contents were affected by needle age classes and seasons.
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Plant development, growth, and productivity are 
closely related to photosynthesis (Silkina, Vino-
kurova 2009). Photosynthesis is the process by 
which atmospheric CO2 is transformed into sugars 
using sunlight as an energy source and water as an 
electron donor (Olascoaga et al. 2014). In higher 
plants, light absorption is provided by chlorophylls 
and carotenoids (Güneş, Inal 1995). Thus, it is em-
phasized that chlorophyll content of a forest canopy 
can be an indicator in the measurement of physio-
logical state such as photosynthetic capacity, devel-
opmental stage, productivity and stress (Curran 
et al. 1990). Differentiations in chlorophyll amount 

directly affect the intensity of photosynthesis and 
carbohydrates produced in plants (Kutbay, Kilinç 
1992). Carotenoids, on the other hand, both join in 
photosynthesis by absorbing light energy at a defi-
nite wavelength and transferring it to chlorophyll 
and protect the photosynthetic apparatus from 
excess light – photoprotection (Sandmann et al. 
2006; Ashraf, Harris 2013). Differences in the 
concentration of carotenoids in many plants are 
also related to daily and seasonal changes in ex-
ternal factors (Matysiak 2001). Chlorophyll con-
centration in needles may change according to spe-
cies (Gond et al. 1999), provenance within species 
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(Junker et al. 2017), time of the year (Bowling et 
al. 2018) and growing seasons (Jach, Ceulemans 
2000). It is also emphasized that chlorophyll con-
tent in the conifers may increase or decrease re-
lated to the needle position in the canopy as well 
as all the plant or individual needle age (Silkina, 
Vinokurova 2009). And also needle morphology, 
anatomy, chemical composition, and photosynthe-
sis can change with tree age (Räim et al. 2012).

Carbohydrates have a highly significant effect 
on the relationship between photosynthesis and 
biomass (Mandre et al. 2002). It is detected that 
the amount and variety of carbohydrates found in 
plants differ in various plant organs and conditions 
all throughout the growing season. As a result, it is 
emphasized that plants show different behaviours 
in events such as development and growth, produc-
tivity and quality, resistance to cold (Köksal et al. 
2001). Moreover, it is also reported that carbohy-
drate content in the leaves may change according 
to the location in the canopy (Mandre et al. 2002). 
Morphology and biochemistry of needles are relat-
ed to age (Yan et al. 2012).

This study was conducted to determine the effect 
of the needle age of Anatolian black pine which has 
an important place in Turkey’s forestry, on total 
carbohydrate content, and pigment (chlorophyll 
a, chlorophyll b, total chlorophyll and carotenoid) 
content. Changes in total carbohydrate content 
and pigment content of needle samples of different 
age in the growing season were also examined in 
this study.

MATERIAL AND METHODS

Study area. The research was conducted in a nat-
ural stand located in Burdur-Aziziye region, Turkey 
(37°24'N, 30°11'E). The average altitude of the study 
area is 1,350 m and the main aspect of the study 

area is northeast. In the area, the bedrock is com-
posed of claystone and the texture is clay loam. In 
the region, mean annual air temperature is 12°C and 
mean annual precipitation is 437 mm (Karatepe 
et al. 2014). In the period of study, meteorological 
data were obtained from a meteorological station 
located in the study area. Daily mean air tempera-
ture (°C) and relative humidity (%) data recorded 
at the meteorological station in the study area are 
shown in Fig. 1.

Plant material. Studies were conducted on trees of 
Anatolian black pine (Pinus nigra subsp. pallasiana 
(Lambert) Holmboe), approximately 23 years of age 
and growing in a natural stand. Ten trees within the 
stand were chosen for study. It was preferred to have 
healthy, strong and tall trees with smooth, well-
formed, unbroken or undamaged crowns. Trees 
were located within 1,000 m2 area. During the 2015 
growing season, one shoot sample from the south 
side of the middle part of each tree canopy was tak-
en by pruning poles in monthly periods from May 
to October. The shoot samples were placed in zipper 
bags and held in portable cooler boxes during the 
transport to the laboratory. Current-year needles, 
1-, 2- and 3-year-old needle samples were collected 
from the shoot samples at the laboratory.

Pigment analysis. Chlorophyll content was de-
termined by Arnon (1949) method. The composite 
samples of each needle age class were obtained by 
mixing equal numbers of needles (sixteen fascicles) 
taken from each of the 10 trees. All needles were cut 
into small pieces with scissors. About 100 mg com-
posite samples of fresh current, 1-, 2- and 3-year-
old needles were taken for analysis. Measurements 
were performed in three replications of each needle 
age class. Needles were homogenized in 10 ml of 
80% acetone, mixed about 10–15 s in the vortex and 
the supernatant was used for the estimation of pig-
ments. The absorbance of the supernatant (A) was 
read at 450, 645 and 663 nm wavelengths using a 

Fig. 1. Daily mean air temperature 
(°C) and relative humidity (%) for 
the sampling period in the study area
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spectrophotometer (T80+UV/VIS spectrophotom-
eter; PG Instruments, UK). The following equations 
(Eqs 1–4) published by Arnon (1949) were used to 
calculate chlorophyll and carotenoid content:

   663 645Chlorophyll a 12.7 2.69A A  � (1)

   645 663Chlorophyll b 22.9 4.68A A  � (2)

   645 663Total chlorophyll 20.2 8.02A A  � (3)

� (4)

Total carbohydrate content analysis. Determi-
nation of the total carbohydrate content from dif-
ferent needle age classes was carried out in three 
replications. Needle samples were dried at 65°C 
for 48 h and then they were ground using a cof-
fee grinder. 100 mg sample was incubated in 10 ml 
of 80% ethanol for 24 h and then centrifuged at 
6,000 rpm for 10 min. 0.05 ml sample and 1 ml of 
5% phenol solution and 5 ml H2SO4 were added to 
each tube and mixed in the vortex. After keeping 
them at room temperature for an hour, total carbo-
hydrate content (mg·g–1) was determined by spec-
trophotometer at a 490 nm wavelength according 
to DuBois et al. (1956), using the phenol-sulphuric 
acid method and glucose as standard.

Data analysis. Total carbohydrate content and 
photosynthetic pigments were subjected to analy-
sis of variance procedures using the SPSS statistical 
package software (Version 20.0, 2011). If there was a 
significant difference between the parameters mea-
sured, means were compared using Duncan’s mul-
tiple range test at 0.05 level.

RESULTS

Total carbohydrate content of current-year, 1-, 
2-, and 3-year-old needles of Anatolian black pine 
trees during the growing season is given in Fig. 2. 
In the current-year, 1-, 2-, and 3-year-old needles, 
the season had a significant effect on total carbo-
hydrate content (all P < 0.05; Fig. 2). Total carbohy-
drate content in Anatolian black pine varied from 
33.60 mg·g–1 DW (dry weight) to 78.26 mg·g–1 DW 
in current-year needles, 75.74–90.81 mg·g–1 DW 
in 1-year-old needles, 62.49–93.28 mg·g–1 DW in 
2-year-old needles, and 70.06–100.25 mg·g–1 DW 
in 3-year-old needles. Total carbohydrate content 
had the lowest value in current-year needles in 
June and started to increase from July onwards, 
and remained relatively stable until October. In 1- 
and 2-year-old needle samples, total carbohydrate 
content which was high in May, decreased in June, 
showed an increase in July and August, and after 
the decrease in September it increased in October 
again. In 3-year-old needle samples, a decrease was 
observed in June, and it was increased from July 
and reached the highest value in August and then 
showed a decrease until October again. Generally, 
the lowest total carbohydrate content was detected 
in June in all needle age classes.

In this study, significant effects of needle age on 
total carbohydrate content were determined on 
some sampling dates (P < 0.05; Fig. 2). Current-year 
needles had the lower value of total carbohydrate 
content than the other age classes in June and July. 
In general, there were no significant differences be-
tween 1-, 2-, and 3-year-old needles in total carbo-
hydrate content. In August and October, however, 
the differences between needle age classes in total 
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Fig. 2. Age effects (current-year, 1-, 2-, 3-year needles) on seasonal changes in total carbohydrate content (mg·g–1 DW, 
mean ± SE, number of samples = 4 ) of Anatolian black pine trees
Different capital letters indicate a significant difference between needles of different age classes, and different lower-case 
letters indicate a significant difference between months (P < 0.05), there were no current-year needles available in May
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carbohydrate content were not found statistically 
significant (Fig. 2).

In June, current-year needles had lower chloro-
phyll a, chlorophyll b, total chlorophyll, and carot-

enoids than in the other months (Tables 1–4). Chlo-
rophyll a was low in 1-, 2- and 3-year-old needles 
in May and high in June, August, September and 
October (Table 1). Moreover, there was not a signif-

Table 1. Chlorophyll a (mg·g–1 fresh weight, mean ± SE, number of samples = 4) in needles of different age classes 
from Anatolian black pine trees

Current-year 1-year 2-year 3-year P-value
May no needles* 0.51 ± 0.01aA 0.39 ± 0.06aA 0.35 ± 0.08aA ns
June 0.37 ± 0.02aA 0.81 ± 0.03bB 0.72 ± 0.11bB 0.76 ± 0.07bB < 0.05
August 0.76 ± 0.00bA 0.83 ± 0.02bcB 0.82 ± 0.02bB 0.74 ± 0.02bA < 0.05
September 0.75 ± 0.01bA 0.81 ± 0.02bA 0.83 ± 0.02bA 0.80 ± 0.00bA ns
October 0.79 ± 0.02bAB 0.89 ± 0.00cC 0.83 ± 0.01bB 0.75 ± 0.02bA < 0.05
P-value < 0.05 < 0.05 < 0.05 < 0.05

*no current-year needles available in May; different capital letters indicate a significant difference between needles of different 
age classes, and different lower-case letters indicate a significant difference between months (P < 0.05), ns – not significant

Table 2. Chlorophyll b (mg·g–1 fresh weight, mean ± SE, number of samples = 4) in needles of different age classes 
from Anatolian black pine trees

Current-year 1-year 2-year 3-year P-value
May no needles* 0.26 ± 0.02aA 0.18 ± 0.01aA 0.18 ± 0.04aA ns
June 0.15 ± 0.01aA 0.33 ± 0.01bB 0.33 ± 0.02bB 0.32 ± 0.03bB < 0.05
August 0.30 ± 0.01bAB 0.32 ± 0.01bA 0.30 ± 0.00bAB 0.28 ± 0.01bA < 0.05
September 0.31 ± 0.01bA 0.33 ± 0.01bA 0.34 ± 0.01bA 0.32 ± 0.00bA ns
October 0.32 ± 0.01bB 0.34 ± 0.00bB 0.32 ± 0.01bB 0.28 ± 0.01bA < 0.05
P-value < 0.05 < 0.05 < 0.05 < 0.05

*no current-year needles available in May; different capital letters indicate a significant difference between needles of different 
age classes, and different lower-case letters indicate a significant difference between months (P < 0.05), ns – not significant

Table 3. Total chlorophyll (mg·g–1 fresh weight, mean ± SE, number of samples = 4) in needles of different age classes 
from Anatolian black pine trees

Current-year 1-year 2-year 3-year P-value
May no needles* 0.77 ± 0.03aA 0.56 ± 0.06aA 0.54 ± 0.13aA ns
June 0.52 ± 0.03aA 1.14 ± 0.04bB 1.05 ± 0.13bB 1.08 ± 0.10bB < 0.05
August 1.06 ± 0.01bAB 1.15 ± 0.04bC 1.13 ± 0.02bBC 1.01 ± 0.02bA < 0.05
September 1.06 ± 0.01bA 1.14 ± 0.03bA 1.17 ± 0.03bA 1.12 ± 0.00bA ns
October 1.11 ± 0.04bB 1.23 ± 0.01bC 1.15 ± 0.02bB 1.02 ± 0.02bA < 0.05
P-value < 0.05 < 0.05 < 0.05 < 0.05

*no current-year needles available in May; different capital letters indicate a significant difference between needles of different 
age classes, and different lower-case letters indicate a significant difference between months (P < 0.05), ns – not significant

Table 4. Carotenoid contents (mg·g–1 fresh weight, mean ± SE, number of samples = 4) in needles of different age 
classes from Anatolian black pine trees

Current-year 1-year 2-year 3-year P-value
May no needles* 0.22 ± 0.01aA 0.17 ± 0.02aA 0.18 ± 0.03aA ns
June 0.15 ± 0.01aA 0.28 ± 0.01bcB 0.28 ± 0.01bcB 0.27 ± 0.02bB < 0.05
August 0.24 ± 0.00bAB 0.26 ± 0.01bB 0.25 ± 0.00bB 0.23 ± 0.00abA < 0.05
September 0.26 ± 0.00cA 0.28 ± 0.01cB 0.29 ± 0.01cB 0.28 ± 0.00bAB < 0.05
October 0.27 ± 0.01cB 0.30 ± 0.00cC 0.28 ± 0.00bcB 0.25 ± 0.00bA < 0.05
P-value < 0.05 < 0.05 < 0.05 < 0.05

*no current-year needles available in May; different capital letters indicate a significant difference between needles of different 
age classes, and different lower-case letters indicate a significant difference between months (P < 0.05), ns – not significant
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icant difference in chlorophyll a from June to Octo-
ber. Similar results were determined in chlorophyll 
b and total chlorophyll, too (Tables 2 and 3). In gen-
eral, carotenoid content was rather lower in May 
than in the other months. In 1-year-old needles, the 
lowest carotenoid content was determined in May, 
and the highest carotenoid content was determined 
in September and October (Table 4).

A significant effect of needle age on pigment con-
tent was found on some sampling dates (P < 0.05; 
Tables 1–4). There was not a difference between 
1-, 2-, and 3-year-old needles in terms of chloro-
phyll and carotenoid in May. On the other hand, 
in June, chlorophyll and carotenoid contents in 
current-year needles were lower than in the other 
age classes. In October, the lowest chlorophyll a, 
chlorophyll b, total chlorophyll, and carotenoid 
contents were determined in 3-year-old needles 
and the highest chlorophyll and carotenoid con-
tents were determined in 1-year-old needles. From 
August onwards, chlorophyll content in current-
year needles reached almost the same level as in the 
other age classes of needles (Tables 1–4).

DISCUSSION

In the current-year, 1-, 2-, and 3-year-old needles, 
total carbohydrate content was significantly affect-
ed by season. In the current-year, 1-, 2-, and 3-year-
old needles, seasonal patterns of total carbohydrate 
content may be related to seasonal changes in phe-
nological and physiological activities. The lowest 
total carbohydrate content in all needle age classes 
was determined in June (spring). It corresponds to 
the time when trees were actively undergoing shoot 
elongation. The decrease from May to June in sol-
uble carbohydrates in previous year’s needles may 
result from translocation into current-year nee-
dles and from elongation of the axis of new shoots 
(Mandre et al. 2002). Because in evergreen co-
nifer, the carbohydrates and photosynthesis from 
the previous year’s needles support shoot growth 
until the current-year needles develop (Hansen, 
Beck 1994). In this study, the increases observed 
after June show that the accumulation of total car-
bohydrate content was conducted slowly in all age 
classes. Schaberg et al. (2000) found that sugar 
concentrations peaked in winter and were at their 
lowest values in spring for Picea rubens Sargent. 
Vaz et al. (2010) found that leaf concentrations of 
total soluble sugars were lower in summer than in 
autumn for both species Quercus ilex Linnaeus and 
Quercus suber Linnaeus. Oleksyn et al. (2000) re-

ported that soluble carbohydrate concentrations in 
1-year-old needles were lowest in spring and sum-
mer, highest in autumn and winter in Pinus syl-
vestris Linnaeus. Total soluble sugars in plants in-
crease during the onset of cold acclimation (Sakai, 
Larcher 1987) and these sugars may play a role in 
cold tolerance (Wong et al. 2003). Soluble sugars 
are highly sensitive to environmental stresses and 
under abiotic stresses, such as drought, cold or sa-
linity soluble sugar concentrations also increased 
(Rosa et al. 2009; Sami et al. 2016). On the other 
hand, an accumulation of carbohydrates in leaves is 
also considered as an earlier response to Mg defi-
ciency (Farhat et al. 2016). Thus, in this study, an 
increase or decrease of total carbohydrate content 
may be related to internal and environmental con-
ditions such as light, water or temperature.

In Pinus cembra Linnaeus trees, significant effects 
of season and tissue type were detected in total solu-
ble sugar content (Gruber et al. 2011). In this study, 
significant effects of needle age on total carbohy-
drate content were determined on some sampling 
dates. Total carbohydrate content in current-year 
needles in June and July was lower than in needles of 
the other age classes. A similar result was also seen 
in Pinus koraiensis Siebold & Zuccarini (Yan et al. 
2012). In P. sylvestris populations, soluble carbohy-
drate concentration in current-year needles was de-
termined to be lower than in 1- and 2-year-old nee-
dles (Oleksyn et al. 2000). Li et al. (2001) found out 
that in July when current-year needles were not ripe 
yet, soluble sugar, starch and non-structural carbo-
hydrate (NSC) concentrations in current-year nee-
dles were lower than in 1-year-old needles in P. cem-
bra trees. This difference disappeared at the end of 
the growth season. In the same study, it was stated 
that the significance of the differences in total NSC 
concentration in the same tissue (needle or branch 
segments) from different age classes could be related 
to their light environment, different tissue dry mat-
ter density and activity. In this study, there was not a 
significant difference in total carbohydrate content 
between 1-, 2-, and 3-year-old needles. At the end 
of the season, there was not a significant difference 
in total carbohydrate content between all the needle 
age classes, either. Soluble sugar content in 1-, 2-, 
and 3-year-old needles collected soon after the bud 
break was found to be similar in Scotch pine, too 
(Fischer, Höll 1991).

Seasonal changes in photosynthetic pigments are 
under the control of the daily light period (Vogg 
et al. 1998). Uvalle Sauceda et al. (2007) report-
ed that chlorophyll and carotenoid contents were 
significantly different between years, seasons and 
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between plants within years and season. During 
the year a seasonal fluctuation was determined in 
chlorophyll levels in Pinus halepensis Miller nee-
dles (Elvira et al. 1998). In this study, chlorophyll 
and carotenoid contents were minimum in May, 
while they were found higher but stable in summer 
and autumn. Similarly, chlorophyll and carotenoid 
contents were stated to be at a maximum level in 
August and to reduce in spring in P. sylvestris and 
Picea abies (Linnaeus) H. Karsten, too (Linder 
1972). Chlorophyll content in one-year-old P. syl-
vestris needles under natural climatic conditions 
exhibited a seasonal change with low levels during 
winter and high levels during summer (Vogg et al. 
1998). Again, chlorophyll content in Picea sitchen-
sis (von Bongard) Carrière was maximum in sum-
mer (Lewandowska, Jarvis 1977). Weng et al. 
(2005) reported that the chlorophyll concentration 
in needles of Taiwan spruce was higher in sum-
mer and lower in winter. A decrease in chlorophyll 
in the period from April to July during the grow-
ing season and an increase from July to October 
were determined in Juniperus virginiana Linnaeus 
(Brett, Singer 1973).

Significant effects of needle age on chlorophyll 
and carotenoid amount were detected in some 
sampling periods like in total carbohydrate con-
tent. Pigment content in current-year needles was 
lower than in older needles in June. Chlorophyll a 
and total chlorophyll concentration was affected 
by needle age in Pinus ponderosa P. & C. Lawson 
seedlings (Houpis et al. 1988). It was detected that 
in P. abies, chlorophyll a, chlorophyll b, total chlo-
rophyll, and total carotenoid concentrations were 
lower in 1-year-old needles than in 2- and 3-year-
old needles in August and no difference in these 
pigments existed between 2- and 3-year-old nee-
dles (Soukupová et al. 2000). Similarly, no signifi-
cant difference in pigment content was found be-
tween 1-, 2-, and 3-year-old needles in May, June, 
and September in this study, either. Moreover, gen-
erally, the highest pigment content was determined 
in 1-year-old needles in October. Pigment content 
(chlorophyll a, chlorophyll b, and total chlorophyll, 
carotenoid) in 1-year-old needles was found to be 
higher than in the current-year needles in Abies 
alba Miller, too (Bačić et al. 2003).

CONCLUSIONS

The total carbohydrate and chlorophyll content 
indicated variations as to season and needle age 
classes. The difference in total carbohydrate con-

tent between needle ages revealed itself in current-
year needles in June and July. While total carbohy-
drate content in current-year needles was at lower 
levels than in older needle age classes especially 
in June and July when the needle growth contin-
ued, total carbohydrate content in current-year 
needles was generally similar to that of needles of 
other age classes from August to October. Between 
fully developed and physiologically ripened 1-, 2-, 
and 3-year-old needles there was not a significant 
difference in terms of total carbohydrate content. 
The pigment contents of all needle age classes were 
similar in September. It showed that chlorophyll a, 
total chlorophyll and carotenoid content of 1-, 2-, 
and 3-year-old needles tended to decrease with the 
increasing age of needles only in October. These 
obtained results will light the way of ecologists 
and physiologists in understanding the whole tree 
physiology and in estimating productivity at an in-
dividual and ecosystem level.

R e f e r e n c e s

Arnon D.I. (1949): Copper enzymes in isolated chloroplasts. 
Polyphenoloxidase in Beta vulgaris. Plant Physiolgy, 24: 
1–15.

Ashraf M., Harris P.J.C. (2013): Photosynthesis under 
stressfull environments: An overview. Photosynthetica, 
51: 163–190.

Bačić T., Užarević Z., Grgić L., Roša J., Popović Z. (2003): 
Chlorophylls and carotenoids in needles of damaged fir 
(Abies alba Mill.) from Risnjak National Park in Croatia. 
Acta Biologica Cracoviensia Series Botanica, 45: 87–92.

Bowling D.R., Logan B.A., Hufkens K., Aubrecht D.M., Rich-
ardson A.D., Burns S.P., Anderegg W.R.L., Blanken P.D., 
Eiriksson D.P. (2018): Limitations to winter and spring 
photosynthesis of a Rocky Mountain subalpine forest. 
Agricultural and Forest Meteorology, 252: 241–255.

Brett W.J., Singer A.C. (1973): Chlorophyll concentration in 
leaves of Juniperus virginiana L. measured over a 2-year 
period. The American Midland Naturalist, 90: 194–200.

Curran P.J., Dungan J.L., Gholz H.L. (1990): Exploring the 
relationship between reflectance red edge and chlorophyll 
content in slash pine. Tree Physiology, 7: 33–48.

DuBois M., Gilles K.A., Hamilton J.K., Rebers P.A., Smith F. 
(1956): Colorimetric method for determination of sugars 
and related substances. Analytical Chemistry, 28: 350–356.

Elvira S., Alonso R., Castillo F.J., Gimeno B.S. (1998): On the 
response of pigments and antioxidants of Pinus halepensis 
seedlings to Mediterranean climatic factors and long-term 
ozone exposure. New Phytologist, 138: 419–432.

Farhat N., Elkhouni A., Zorrig W., Smaoui A., Abdelly C., 
Rabhi M. (2016): Effects of magnesium deficiency on 



J. FOR. SCI., 64, 2018 (9): 379–386	 385

photosynthesis and carbohydrate partitioning. Acta Phy-
siologiae Plantarum, 38: 145.

Fischer C., Höll W. (1991): Food reserves of Scots pine (Pinus 
sylvestris L.). I. Seasonal changes in the carbohydrate and 
fat reserves of pine needles. Trees, 5: 187–195.

Gond V., De Pury D.G., Veroustraete F., Ceulemans R. (1999): 
Seasonal variations in leaf area index, leaf chlorophyll, and 
water content; scalling-up to estimate fAPAR and carbon 
balance in a multilayer, multispecies temperate forest. Tree 
Physiology, 19: 673–679.

Gruber A., Pirkebner D., Oberhuber W., Wieser G. (2011): 
Spatial and seasonal variations in mobile carbohydrates 
in Pinus cembra in the timberline ecotone of the Central 
Austrian Alps. European Journal of Forest Research, 130: 
173–179.

Güneş A., Inal A. (1995): The effect of foliar glucose ap-
plication on the yield and chlorophyll content of wheat 
(Triticum aestium L.) grown at different photoperiods. 
Pamukkale University Journal of Engineering Sciences, 
1: 69–72.

Hansen J., Beck E. (1994): Seasonal changes in the utilization 
and turnover of assimilation products in 8-year-old Scots 
pine (Pinus sylvestris L.) trees. Trees, 8: 172–182.

Houpis J.L.J., Anschel D., Pushnik J.C., Anderson P.D., Dema-
ree R.S. (1988): Chlorophyll and carotenoid concentrations 
in two varieties of Pinus ponderosa seedlings subjected 
to long-term elevated carbon dioxide. Tree Physiology, 
4: 187–193.

Jach M.E., Ceulemans R. (2000): Effects of season, needle 
age and elevated atmospheric CO2 on photosynthesis in 
Scots pine (Pinus sylvestris). Tree Physiology, 20: 145–157.

Junker L.V., Kleiber A., Jansen K., Wildhagen H., Hess M., 
Kayler Z., Kammerer B., Schnitzler J.P., Kreuzwieser J., 
Gessler A., Ensminger I. (2017): Variations in short-term 
and long-term responses of photosynthesis and isoprenoid-
mediated photoprotection to soil water availability in four 
Douglas-fir provenances. Scientific Reports, 7: 40145.

Karatepe Y., Özçelik R., Gürlevik N., Yavuz H., Kırış R. (2014): 
Ecological evaluation of vegetation structure in Turkish 
red pine forests (Pinus brutia Ten.) in different sites of 
western Mediterranean region of Turkey. Turkish Journal 
of Forestry, 15: 1–8.

Köksal A.I., Okay Y., Artık N. (2001): Enzymatic carbohydrate 
determination of hazelnut grown in East-Blacksea Region. 
Tarim Bilimleri Dergisi: Journal of Agricultural Sciences, 
7: 54–61. (in Turkish)

Kutbay H.G., Kılınç M. (1992): Seasonal changes in chloro-
phyll a and chlorophyll b of some plants. In: Proceedings 
of the 11th National Biology Congress, Elâzığ, June 24–27, 
1992: 195–202.

Lewandowska M., Jarvis P.G. (1977): Changes in chlorophyll 
and carotenoid content, specific leaf area and dry weight 
fraction in Sitka spruce, in response to shading and season. 
New Phytologist, 79: 247–256.

Li M., Hoch G., Körner C. (2001): Spatial variability of mo-
bile carbohydrates within Pinus cembra trees at the alpine 
treeline. Phyton (Horn, Austria), 41: 203–213.

Linder S. (1972): Seasonal Variation of Pigments in Nee-
dles: A Study of Scots Pine and Norway Spruce Seedlings 
Grown Under Different Nursery Conditions. Technical 
Report. Studia Forestalia Suecica No. 100. Stockholm, 
Skogshögskolan: 37.

Mandre M., Tullus H., Klõšeiko J. (2002): Partitioning of car-
bohydrates and biomass of needles in Scots pine canopy. 
Zeitschrift für Naturforschung C, 57: 296–302.

Matysiak R. (2001): Content of carotenoids in needles of 
Pinus sylvestris L. growing in a polluted area. Dendrobiol-
ogy, 46: 39–42.

Olascoaga B., Juurola E., Pinho P., Lukeš P., Halonen L., 
Nikinmaa E., Bäck J., Porcar-Castell A. (2014): Seasonal 
variation in the reflectance of photosynthetically active 
radiation from epicuticular waxes of Scots pine (Pinus 
sylvestris) needles. Boreal Environment Research, 19 (Sup-
plement B): 132–141.

Oleksyn J., Zytkowiak R., Karolewski P., Reich P.B., Tjoel-
ker M.G. (2000): Genetic and environmental control of 
seasonal carbohydrate dynamics in trees of diverse Pinus 
sylvestris populations. Tree Physiology, 20: 837–847.

Räim O., Kaurilind E., Hallik L., Merilo E. (2012): Why does 
needle photosynthesis decline with tree height in Norway 
spruce? Plant Biology, 14: 306–314.

Rosa M., Prado C., Podazza G., Interdonato R., González J.A., 
Hilal M., Prado F.E. (2009): Soluble sugars – metabolism, 
sensing and abiotic stress: A complex network in the life 
of plants. Plant Signaling & Behavior, 4: 388–393.

Sakai A., Larcher W. (1987): Frost Survival of Plants: 
Responses and Adaptations to Freezing Stress. Berlin, 
Springer-Verlag: 321.

Sami F., Yusuf M., Faizan M., Faraz A., Hayat S. (2016): Role 
of sugars under abiotic stress. Plant Physiology and Bio-
chemistry, 109: 54–61.

Sandmann G., Römer S., Fraser P.D. (2006): Understanding 
carotenoid metabolism as a necessity for genetic engineer-
ing of crop plants. Metabolic Engineering, 8: 291–302.

Schaberg P.G., Snyder M.C., Shane J.B., Donnelly J.R. (2000): 
Seasonal patterns of carbohydrates reserves in red spruce 
seedlings. Tree Physiology, 20: 549–555.

Silkina O.V., Vinokurova R.I. (2009): Seasonal dynamics 
of chlorophyll and microelement content in developing 
conifer needles of Abies sibirica and Picea abies. Russian 
Journal of Plant Physiology, 56: 780–786.

Soukupová J., Cvikrová M., Albrechtová J., Rock B.N., Eder 
J. (2000): Histochemical and biochemical approaches 
to the study of phenolic compounds and peroxidases in 
needles of Norway spruce (Picea abies). New Phytologist, 
146: 403–414.

Uvalle Sauceda J.I., González Rodríguez H., Ramírez Lozano 
R.G., Cantú Silva I., Gómez Meza M.V. (2007): Seasonal 



386	 J. FOR. SCI., 64, 2018 (9): 379–386

trends of chlorophyll a and b and carotenoids in native trees 
and shrubs of Northeastern Mexico. In: Tielkes E. (ed.): 
Tropentag 2007: International Research on Food Security, 
Natural Resource Management and Rural Development: 
Utilisation of Diversity in Land Use Systems: Sustainable 
and Organic Approaches to Meet Human Needs, Witzen-
hausen, Oct 9–11, 2007: 275.

Vaz M., Pereira J.S., Gazarini L.C., David J.S., Rodrigues A., 
Maroco J., Chaves M.M. (2010): Drought-induced photo-
synthetic inhibition and autumn recovery in two Mediter-
ranean oak species (Quercus ilex and Quercus suber). Tree 
Physiology, 30: 946–956.

Vogg G., Heim R., Hansen J., Schäfer C., Beck E. (1998): Frost 
hardening and photosynthetic performance of Scots pine 
(Pinus sylvestris L.) needles. I. Seasonal changes in the 

photosynthetic apparatus and its function. Planta, 204: 
193–200.

Weng J.H., Liao T.S., Sun K.H., Chung J.C., Lin C.P., Chu C.H. 
(2005): Seasonal variations in photosynthesis of Picea mor-
risonicola growing in the subalpine region of subtropical 
Taiwan. Tree Physiology, 25: 973–979.

Wong B.L., Baggett K.L., Rye A.H. (2003): Seasonal patterns 
of reserve and soluble carbohydrates in mature sugar 
maple (Acer saccharum). Canadian Journal of Botany, 81: 
780–788.

Yan C.F., Han S.J., Zhou Y.M., Wang C.G., Dai G.H., Xiao W.F., 
Li M.H. (2012): Needle-age related variability in nitrogen, 
mobile carbohydrates, and δ13C within Pinus koraiensis 
tree crowns. PLoS ONE, 7: e35076.

Received for publication June 26, 2018 
Accepted after corrections September 17, 2018


