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Abstract

The present study was conducted to assess the impact of nitrogen treatment on the physiological aspects of cork
oak (Quercus suber L.) seedlings from acorns collected from seven sources (Kroumiry and Cap-bon). Nitrogen
fertilization increased significantly specific leaf area (SLA) and leaf mass area (LMA) of Q. suber L grown for 2
months at nitrogen concentration 1.5 g/l, respectively. Results indicate that leaf hydraulic conductance (KLeaf)
increased significantly under nitrogen treatment, but no significant correlation was observed between KLeaf, A and
gs. Stomatal conductance (gs), transpiration rate (E), net photosynthetic rate (A) and maximum efficiency of PSII
(Fv/Fm) were investigated in seedlings of Q. suber L. This study validated that KLeaf, the stomatal conductance,
transpiration rate and net photosynthetic rate of Q. suber were performed under increasing Nitrogen fertilizer.
Stomatal conductance influences both photosynthesis and transpiration, thereby coupling the carbon and water
cycles and affecting surface-atmosphere energy exchange. We found that the stomatal conductance, transpiration
rate, net photosynthetic rate and maximum efficiency of PSII were showed variation in both photosynthetic traits due
essentially to local genetic adaptation. However, the seven seedlings sources of cork oak (Q. suber L.) showed a
different response of physiological aspects during nitrogen treatment. These findings suggest that nitrogen treatment
affects gas exchange and the photosynthetic capacity of the cork oak. Based on the above results, we conclude that
nitrogen fertilizer treatments could promote photosynthetic performance of Quercus suber by stimulating
morphological and physiological responses.
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Introduction
Cork oak (Quercus suber L.) is a typical Mediterranean resprouting

species, which presents great interest for restoration in fire-prone
ecosystems [1] and great socio-economic importance in the
Mediterranean region [2]. Cork oak woodland (444 hectares, 70% of
land utilization) is a major factor in Tunisia due to forestland with
small treeless areas [3]. Attempts at restoration of cork oak stands have
been largely unsuccessful because of the poor natural regeneration of
this species and the high seedling mortality after transplanting [4]. In
North Africa, cork oak forests extend from the Atlantic Coast in
Morocco through the Algerian Coast to the North Western of Tunisia
with a scattered distribution over the two Mountain ranges of
Kroumirie and Mogod. Excessive human pressure is usually pointed as
the main cause of the reduction in cork oak forest ecosystems [5].

As with most agricultural crop production the major driver of soil
N2O emissions is likely to be nitrogen fertilizer, added to the soil to
increase biomass production [6]. Studies showed that nitrogen
application exerted a significant increase in protein content and
improved dough quality [7]. Several studies have investigated nitrogen
fertilizer uptake, assimilation and effects on plant development [8].
Nitrogen is an essential component of chlorophyll that will reduce
chlorophyll formation if lacking from the mineral nutrient supply of a

plant, with concomitant effects on photosynthesis [9]. Nitrogen
fertilizer plays a significant role in soil carbon sequestration by
increasing crop biomass and by influencing the microbial
decomposition of crop residue [10,11]. Although applications of
nitrogen fertilizer consistently increase crop biomass, its effect on soil
carbon content varies with the type of soil [12], which affects the flux
of CO2 into the atmosphere. Since nitrogen (N) is strongly limiting in
Mediterranean forests [13], we analyzed the effects of nitrogen
fertilizer on photosynthetic measurements of Q. suber L. Fertilizer
management effects on plant water use and drought stress during
production for many crops has not been evaluated fully [14]. With
some woody perennial plants it is possible that growth can be
enhanced more by minimizing water stress than by increasing fertility
[15]. Nitrogen is a vitally important element for plant sand it
profoundly influences leaf anatomical and functional traits [16].
Previous studies have shown that leaf nitrogen promotes A by
increasing Rubisco content and CO2 diffusion conductance [17].
However, the correlation of leaf nitrogen content per leaf area with
Kleaf remains to be investigated.

The increasing demand for cork and the low natural regeneration of
this species clearly justify intensive planting with improved material. In
the present study, we have investigated the possibility that nitrogen
fertilizer might be beneficial for cork oak growth and development by
analyzing physiological parameters including photosynthetic and gas-
exchange parameters in nursery seedlings from different provenances
in Tunisia.
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The study sought to compare leaf hydraulic conductance,
transpiration rate, stomatal conductance, photosynthetic rate,
maximum efficiency of PSII in response to nitrogen treatment on cork
oak (Q. suber L.).

Materials and Methods

Experimental description and plant material
The study was carried out on cork oak (Q. suber L.) seedlings

growing in the nursery located in the greenhouse of INRGREF (Tunis)
under semi-arid bioclimate. Q. suber seedlings were collected from
seven different locations in Kroumirie and Cap Bon in Tunisia (8
individuals from each populations of Sidi Zid (SZD), Kef Errand
(KER), Djebel Serdj (JES), Djebel Chehid (JCH), Ain senoussi (AS),
Feija (FEJ), Méjen essaf (MEJ)). The plants were growing 2 months at a
nitrogen concentration of 1.5 g/l. The experiments use nitrogen
fertilizer: Ammonium nitrogen (NH4-N).

The experimental design in the greenhouse was performed with a
completely randomized design of 4 replicates per treatment. Plants of
each population were fertilized twice a week from July 2015 to August
2015. The experiment was conducted on 6 month-year-old plants of Q.
suber L.

The stomatal conductance, transpiration rate and net
photosynthetic rate were measured on fully expanded leaves at similar
development stages with portable open gas-exchange analysis systems
with leaf chambers (LI-6400, Li-Cor, Inc., Lincoln, NE, USA).

The maximum quantum efficiency of photosystem II (Fv/Fm) was
measured on the same leaves as above with a portable fluorometer. The
leaves were dark-adapted with clips for 20 min. The minimal
fluorescence (Fo) was measured under a weak pulse of modulating
light over 0.8s and maximal fluorescence (Fm) was induced by a
saturating pulse of light (8000 mmol m-2s-1) applied over 0.8 s. Then,
Fv/Fm was calculated, where Fv was the difference between Fm and
Fo.

Leaf hydraulic conductance (kLeaf; mmol m-2s-1 MPa-1) for leaves
was measured using the in situ evaporative flux method, with kL
calculated as [18]:

kleaf = E/∆Ψstem-leaf

Where E is the transpiration rate (mmol m-2s-1) and ΔΨstem-leaf is
the difference between stem xylem water potential (Ψstem; MPa) and
leaf water potential (Ψleaf; MPa).

Statistical analysis
Effects of fertilization (N) on the morphological and physiological

parameters were tested by ANOVA. Tukey’s test was used to evaluate
differences between the means (P ≤ 0.05). The relationship between net
photosynthesis (A), leaf hydraulic conductance (KLeaf) and stomatal
conductance (gs) was tested by linear regression.

Results and Discussion
For above ground plant tissue, our results show that the specific leaf

area (SLA), leaf mass area (LMA) of the seedlings subjected to nitrogen
fertiliser significantly increased when compared with non-N fertiliser
(Figure 1) [19]. Contrary observed an exponential reduction of the
total leaf area for Quercus canariensis. The specific leaf area and leaf

mass area of Q. suber L. increased significantly in the nitrogen
fertilization condition (Figure 1). The small effect of nitrogen on
photosynthetic parameters suggests that the leaf photosynthetic rate
remained constant, which is in agreement with studies of Lambers et
al. [20] and McDonald et al. [21] showing little dependence of leaf
photosynthesis on nitrogen supply. Increasing the rate of nitrogen
supply increased the SLA and the organic nitrogen concentration in
the leaf tissue. Nitrogen is a vitally important element for plants and it
pro-foundly influences leaf anatomical and functional traits [16].

Figure 1: A. Leaf mass area (LMA) expressed as leaf m2 per ground
m2 and; B. Specific leaf area (SLA) expressed as leaf m2. Values are
average of each treatment (n=8).

Figure 2: Leaf hydraulic conductance (KLeaf mmols-1MPa-1m-2) of
cork oak (Q. suber L.) under nitrogen fertilizations. Mean values ±
standard errors. Vertical line indicates statistical difference, while ns
stands for not significant according to LSD (p ≤ 0.05).

Leaf hydraulic conductance (Kleaf) is a major determinant of
photosynthetic rate in plants. Results indicate that leaf hydraulic
conductance increased significantly under nitrogen treatment (Figure
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2), no significant correlation was observed between KLeaf, A and gs
(Figure 3). Previous studies have shown correlations between A, gs and
KLeaf across a wide range of species [22,23]. The coupling of stomatal
conductance (gs) to CO2 and water vapour leads to strong
coordination between gs and Kleaf [24,25]. In the present study, A and
KLeaf were not correlated with gs in the cork oak (Figure 3).

Figure 3: Relationships between net photosynthesis (A), leaf
hydraulic conductance (KL) and stomatal conductance (gs) of cork
oak (Q. suber L.) in control and nitrogen treatment condition. The
values shown are mean ± SDand data were fitted by linear
regression. Regression coefficients and significance are shown when
P<0.05.

E, gs, A and FV/Fm differed from cork oak between sites. Nitrogen
fertilization and source of cork oak no significantly influenced E, gs, A
and Fv/Fm. Indeed A, E, FV/Fm and gs showed similar trends for cork
oak (Q. suber L.) from the seven sources (Kroumirie and Cap-bon).
The highest A values were measured for cork oak (Q. suber L.) in the
nitrogen fertilization condition. Maximum A values (7.87 µmol CO2 m
−2s−1) were found in MEJ, while the lowest in JCH with 3.76 µmol CO2
m−2s−1, respectively (Figure 4). Similarly, the highest E values were
measured in MEJ, 1.80 mol H2O m−2s−1, the lowest in JCH, 1.05 mol
H2O m−2s−1 (Figure 5).

The highest gs in the nitrogen fertilization condition was in AS (0.16
mmol m−2s−1) and the lowest in SDZ (0.1 mmol m−2s−1). The lowest
values were registered from SDZ (0.06 mmol m−2s−1), while in AS gs
approached the highest values (0.14 mmol m−2s−1), mostly for the
control (Figure 6).

Figure 4: Net photosynthesis (A, µmol m-2s-1) of cork oak (Q. suber
L.) under nitrogen fertilizations. Mean values ± standard errors.
Vertical line indicates statistical difference, while ns stands for not
significant according to LSD (p ≤ 0.05).

Figure 5: Transpiration rate (E, mol m-2s-1) of cork oak (Q. suber L.)
under nitrogen fertilizations. Mean values ± standard errors.
Vertical line indicates statistical difference, while ns stands for not
significant according to LSD (p ≤ 0.05).

Figure 6: Stomatal conductance (gs, mol m-2s-1) of cork oak (Q.
suber L.) under nitrogen fertilizations. Mean values ± standard
errors. Vertical line indicates statistical difference, while ns stands
for not significant according to LSD (p ≤ 0.05).

Chlorophyll fluorescence (Fv/Fm) not differed among seedling
sources as well as among nitrogen fertilization treatment. Fv/Fm
represents the maximum photochemical efficiency of PSII, which is an
important index of the degree of environmental stress. Fv/Fm of each
treatment slightly decreased when compared with the control (Figure
7). For all cork oak (Q. suber L.) sources, nitrogen fertilization
treatments showed no effect in Fv/Fm, however, there were no
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significative differences in the induction of Fv/Fm among the seven
seedling sources (Figure 7). Under well watered condition, quantum
efficiency of photosystem II (Fv/Fm) ratio in bioregulators treated
plants was not showing significant variation. Plants treated with N
fertilizer maintained higher quantum yield of photosystem II (Fv/Fm)
than the control just in JCH and AS seedling sources. Chlorophyll
fluorescence dynamics are an ideal internal measure of photosystem
injury from various stresses [26,27] and can rapidly and sensitively
reflect the relationship between the environment and the plant’s
photosynthetic physiological state.

Figure 7: Maximum efficiency of PSII of cork oak (Q. suber L.)
under nitrogen fertilizations. Mean values ± standard errors.
Vertical line indicates statistical difference, while ns stands for not
significant according to LSD (p ≤ 0.05).

The above-mentioned photosynthetic changes may play an
important role in determining how cork oak plants adjust their
photosynthetic. Photosynthetic traits decreased due to a biochemical
and morphological acclimation and environmental constraints, such as
water and nutrient supply [28,29]. Those changes are associated with
decreases in the nitrogen concentrations and the increase of LMA due
to the assimilation of photosynthetic products [28]. Plants are
therefore expected to make an optimal nitrogen allocation into leaf
photosynthetic proteins to achieve the maximum carbon gain in their
own light environment [30]. These physiological changes are also
associated to morphological modifications during stress, as for
example a reduced leaf area [31].

Moreover, photosynthesis is aptly regarded as the most important
physiological process in plants which is particularly sensitive to effects
of water deficiency [32]. Even a small decrease in the water potential of
a plant causes its stomata to closeand decreases the intensity of
photosynthetic assimilation of CO2 [33]. The reduction in
photosynthetic activity under stress takes place due to decline in CO2
availability caused by the restriction of CO2 diffusion [23] and
inhibition of ribulose-1,5-bisphosphate (RuBP) synthesis [33,34]. Our
results suggest that more detailed anatomical and structural studies are
needed to elucidate the impacts of leaf feature traits on Kleaf and gas
exchange in cork oak.

Conclusion
The present study was motivated by the need to examine the

nitrogen treatment and genetic sources influences on photosynthetic
traits variation among seedlings of cork oak (Quercus suber L.) sources
to assist reforestation decisions. Our study revealed that (i) The specific
leaf area (SLA) and leaf mass area (LMA) increased significantly in the

nitrogen fertilization condition (ii) the seedling sources of Q. suber L.
differed in maximum efficiency of PSII (Fv/Fm), photosynthetic rate
(Anet), transpiration rate (E) and stomatal conductance (gs) (iii) the
seedling sources demonstrated different responses of photosynthetic
traits under nitrogen treatment, suggesting that the observed variation
in growth among seed sources resulted largely from genetic variation
in functional traits rather than from photosynthetic traits. Present
results may have practical applications to help maximize physiological
performances and optimized resource use efficiency but the
physiological mechanisms need further elucidation. The genetic basis
of photosynthesis affected photosynthetic traits in various plants.
However, the genetic relationship sources and photosynthesis remains
to be elucidated.

References
1. Vallejo VR, Aronson J, Pausas J (2009) The way forward, Cork oak

woodlands on the edge. Island Press, Washington, DC. pp: 235-245.
2. Aronson J, Pereira JS, Pausas JG (2009) Cork oak woodlands on the edge:

Introduction. Island Press, Washington DC.
3. Oviedo JL, Campos P, Hassen HD, Ovando P, Chebil A (2008)

Accounting for single and aggregated forest incomes: Application to
public cork oak forests in Jerez (Spain) and Iteimia (Tunisia). Ecol Econ
65: 76-86.

4. Acácio V, Holmgren M, Rego F, Moreira F, Mohren GMJ (2009) Are
drought and wildfires turning Mediterranean cork oak forests into
persistent shrublands. Agrofor Syst 76: 389-400.

5. Mansoura AB, Garchi S, Hassen HD (2001) Analyzing forest users’
destructive behavior in Northern Tunisia. Land Use Policy 18: 153-163.

6. Bouwman AF, Boumans LJM, Batjes NH (2002) Emissions of N2O and
NO from fertilized fields: summary of available measurement data. Glob
Biogeochem Cycl 16: 1-13.

7. Lerner SE, Seghezzo ML, Molfese ER, Ponzio NR, Maximiliano C, et al.
(2006) N- and S-fertiliser effects on grain composition, industrial quality
and end-use in durum wheat. J Cereal Sci 44: 2-11.

8. Arsova B, Hoja U, Wimmelbacher M, Greiner E, Ustün S, et al.
(2012) Plastidial thioredoxin z interacts with two fructokinase-like
proteins in a thiol-dependent manner: Evidence for an essential role in
chloroplast development in arabidopsis and nicotiana benthamiana. Plant
Cell 22: 1498-1515.

9. Scheible WR, Morcuende R, Czechowski T, Fritz C, Osuna D, et al. (2004)
Genome-wide reprogramming of primary and secondary metabolism,
protein synthesis, cellular growth processesand the regulatory
infrastructure of Arabidopsis in response to nitrogen. Plant Physiol 136:
2483-2499.

10. Green CJ, Blackmer AM, Horton R (1995) Nitrogen effects on
conservation of carbon during corn residue decomposition in soil. Soil
Sci Soc Am J 59: 453-459.

11. Lal R (2004) Soil carbon sequestration impacts on global climate change
and food security. Sci 304: 1623-1627.

12. Alvarez R (2005) A review of nitrogen fertilizer and conservation tillage
effects on soil organic carbon storage. Soil Use Manage 21: 38-52.

13. Rutigliano FA, Castaldi S, D’Ascoli R, Papa S, Carfora A, et al. (2009) Soil
activities related to nitrogen cycle under three plant cover types in
Mediterranean environment. Appl Soil Ecol 43: 40-46.

14. Tan W, Hogan GD (1997) Physiological and morphological responses to
nitrogen limitation in jack pine seedlings: Potential implications for
drought tolerance. New Forests 14: 19-31.

15. Rose MA, Rose M, Wang H (1999) Fertilizer concentration and moisture
tension affect growth and foliar N, Pand K of two woody ornamentals.
HortSci 34: 246-250.

16. Rademacher IF, Nelson CJ (2001) Nitrogen effects on leaf anatomy within
the intercalary meristems of tall fescue leaf blades. Ann Bot 88: 893-903.

Citation: Kachout SS, Rzigui T, Ennajah A, Baraket M, Baaziz KB, et al. (2017) Does Nitrogen Treatment Affect Leaf Photosynthetic Traits of
Cork Oak (Quercus Suber L.) Populations?. J Fundam Renewable Energy Appl 7: 230. doi:10.4172/2090-4541.1000230

Page 4 of 5

J Fundam Renewable Energy Appl, an open access journal
ISSN: 2090-4541

Volume 7 • Issue 3 • 1000230

https://www.uv.es/jgpausas/papers/Vallejo-2009-corkoak-ch20_final.pdf
https://www.uv.es/jgpausas/papers/Vallejo-2009-corkoak-ch20_final.pdf
https://www.uv.es/jgpausas/corkoak.htm
https://www.uv.es/jgpausas/corkoak.htm
http://dx.doi.org/10.1016/j.ecolecon.2007.06.001
http://dx.doi.org/10.1016/j.ecolecon.2007.06.001
http://dx.doi.org/10.1016/j.ecolecon.2007.06.001
http://dx.doi.org/10.1016/j.ecolecon.2007.06.001
http://dx.doi.org/10.1007/s10457-008-9165-y
http://dx.doi.org/10.1007/s10457-008-9165-y
http://dx.doi.org/10.1007/s10457-008-9165-y
http://dx.doi.org/10.1016/S0264-8377(01)00004-7
http://dx.doi.org/10.1016/S0264-8377(01)00004-7
http://dx.doi.org/10.1029/2001GB001811
http://dx.doi.org/10.1029/2001GB001811
http://dx.doi.org/10.1029/2001GB001811
http://dx.doi.org/10.1016/j.jcs.2005.12.006
http://dx.doi.org/10.1016/j.jcs.2005.12.006
http://dx.doi.org/10.1016/j.jcs.2005.12.006
http://dx.doi.org/10.1105/tpc.109.071001
http://dx.doi.org/10.1105/tpc.109.071001
http://dx.doi.org/10.1105/tpc.109.071001
http://dx.doi.org/10.1105/tpc.109.071001
http://dx.doi.org/10.1105/tpc.109.071001
http://dx.doi.org/10.1104/pp.104.047019
http://dx.doi.org/10.1104/pp.104.047019
http://dx.doi.org/10.1104/pp.104.047019
http://dx.doi.org/10.1104/pp.104.047019
http://dx.doi.org/10.1104/pp.104.047019
http://agris.fao.org/agris-search/search.do?recordID=US9549772
http://agris.fao.org/agris-search/search.do?recordID=US9549772
http://agris.fao.org/agris-search/search.do?recordID=US9549772
http://dx.doi.org/10.1126/science.1097396
http://dx.doi.org/10.1126/science.1097396
http://dx.doi.org/10.1111/j.1475-2743.2005.tb00105.x
http://dx.doi.org/10.1111/j.1475-2743.2005.tb00105.x
http://dx.doi.org/10.1016/j.apsoil.2009.05.010
http://dx.doi.org/10.1016/j.apsoil.2009.05.010
http://dx.doi.org/10.1016/j.apsoil.2009.05.010
http://dx.doi.org/10.1023/A:1006546014858
http://dx.doi.org/10.1023/A:1006546014858
http://dx.doi.org/10.1023/A:1006546014858
http://hortsci.ashspublications.org/content/34/2/246.full.pdf
http://hortsci.ashspublications.org/content/34/2/246.full.pdf
http://hortsci.ashspublications.org/content/34/2/246.full.pdf
http://dx.doi.org/10.1006/anbo.2001.1527
http://dx.doi.org/10.1006/anbo.2001.1527


17. Franks PJ, Drake PL, Beerling DJ (2009) Plasticity in maximum stomatal
conductance constrained by negative correlation between stomatal size
and density: an analysis using Eucalyptus globulus. Plant Cell Environ 32:
1737-1748.

18. Brodribb TJ, Holbrook NM (2006) Declining hydraulic efficiency as
transpiring leaves desiccate: Two types of response. Plant Cell Environ
29: 2205-2215.

19. Pérez-Ramos IM, Gómez-Aparicio L, Villar R, García LV, Marañón
T (2010) Seedling growth and morphology of three oak species along
field resource gradients and seed mass variation: a seedling age-
dependent response. J Veget Sci 21: 419-437.

20. Lambers H, Posthumus F, Stulen I, Lanting L, Van de Dijk SJ, et al. (1981)
Energy metabolism of Plantago lanceolata as dependent on the supply of
mineral nutrients. Physiologia Plantarum 51: 85-92.

21. McDonald AJS, Lohammar T, Ericsson A (1986) Uptake of carbon and
nitrogen at decreased nutrient availability in small birch (Betula pendula
Roth.) plants. Tree Physiol 2: 61-71.

22. Brodribb T, Feild TS, Jordan GJ (2007) Leaf maximum photosynthetic
rates and venation are linked by hydraulics. Plant Physiology 144:
1890-1898.

23. Flexas J, Diaz-Espejo A, Galmés J, Kaldenhoff R, Medrano H, et al. (2007)
Rapid variations of mesophyll conductance in response to changes in
CO2concentration around leaves. Plant Cell Environ 30: 1284-1298.

24. Brodribb TJ, Holbrook NM, Zwieniecki MA, Palma B (2005) Leaf
hydraulic capacity in ferns, conifers and angiosperms: impacts on
photosynthetic maxima. New Phytol 165: 839-846.

25. Sack L, Holbrook NM (2006) Leaf hydraulics. Ann Rev Plant Biol 57:
361-381.

26. Kooten OV, Snel JFH (1990) The use of chlorophyll fluorescence
nomenclature in plant stress physiology. Photosynth Res 25: 147-150.

27. Maxwell K, Johnson GN (2000) Chlorophyll fluorescence-a practical
guide. J Exp Bot 51: 659-668.

28. Leakey AD, Ainsworth EA, Bernacchi CJ, Rogers A, Long SP, et al.
(2009) Elevated CO2 effects on plant carbon, nitrogenand water relations:
six important lessons from FACE. J Exp Bot 60: 2859-2876.

29. Warren JM, Jensen AM, Medlyn BE, Norby RJ, Tissue DT (2014) Carbon
dioxide stimulation of photosynthesis in Liquidambar styraciflua is not
sustained during a 12-year field experiment. J Plant Sci 7: 1-13.

30. Franklin KA, Whitelam GC (2005) Phytochromes and shade-avoidance
responses in plants. Ann Bot 96: 169-175.

31. Cosentino SL, Scordia D, Sanzone E, Testa G, Copani V (2014) Response
of giant reed (Arundo donax L.) to nitrogen fertilization and soil water
availability in semiarid Mediterranean environment. Eur J Agron 60:
22-32.

32. Ashraf M, Harris PJC (2013) Photosynthesis under stressful
environments: An overview. Photosynthetica 51: 163-190.

33. Rivero RM, Shulaev V, Blumwald E (2009) Cytokinin-dependent
photorespiration and the protection of photosynthesis during water
deficit. Plant Physiol 150: 1530-1540. 

34. Lawlor DW, Cornic G (2002) Photosynthetic carbon assimilation and
associated metabolism in relation to water deficits in higher plants. Plant
Cell Environ 25: 275-294.

 

Citation: Kachout SS, Rzigui T, Ennajah A, Baraket M, Baaziz KB, et al. (2017) Does Nitrogen Treatment Affect Leaf Photosynthetic Traits of
Cork Oak (Quercus Suber L.) Populations?. J Fundam Renewable Energy Appl 7: 230. doi:10.4172/2090-4541.1000230

Page 5 of 5

J Fundam Renewable Energy Appl, an open access journal
ISSN: 2090-4541

Volume 7 • Issue 3 • 1000230

http://dx.doi.org/10.1111/j.1365-3040.2009.02031.x
http://dx.doi.org/10.1111/j.1365-3040.2009.02031.x
http://dx.doi.org/10.1111/j.1365-3040.2009.02031.x
http://dx.doi.org/10.1111/j.1365-3040.2009.02031.x
http://dx.doi.org/10.1111/j.1365-3040.2006.01594.x
http://dx.doi.org/10.1111/j.1365-3040.2006.01594.x
http://dx.doi.org/10.1111/j.1365-3040.2006.01594.x
http://dx.doi.org/10.1111/j.1654-1103.2009.01165.x
http://dx.doi.org/10.1111/j.1654-1103.2009.01165.x
http://dx.doi.org/10.1111/j.1654-1103.2009.01165.x
http://dx.doi.org/10.1111/j.1654-1103.2009.01165.x
http://dx.doi.org/10.1111/j.1399-3054.1981.tb00883.x
http://dx.doi.org/10.1111/j.1399-3054.1981.tb00883.x
http://dx.doi.org/10.1111/j.1399-3054.1981.tb00883.x
http://dx.doi.org/10.1093/treephys/2.1-2-3.61
http://dx.doi.org/10.1093/treephys/2.1-2-3.61
http://dx.doi.org/10.1093/treephys/2.1-2-3.61
http://dx.doi.org/10.1104/pp.107.101352
http://dx.doi.org/10.1104/pp.107.101352
http://dx.doi.org/10.1104/pp.107.101352
https://doi.org/10.1111/j.1365-3040.2007.01700.x
https://doi.org/10.1111/j.1365-3040.2007.01700.x
https://doi.org/10.1111/j.1365-3040.2007.01700.x
http://dx.doi.org/10.1111/j.1469-8137.2004.01259.x
http://dx.doi.org/10.1111/j.1469-8137.2004.01259.x
http://dx.doi.org/10.1111/j.1469-8137.2004.01259.x
http://dx.doi.org/10.1146/annurev.arplant.56.032604.144141
http://dx.doi.org/10.1146/annurev.arplant.56.032604.144141
https://doi.org/10.1007/BF00033156
https://doi.org/10.1007/BF00033156
https://doi.org/10.1093/jexbot/51.345.659
https://doi.org/10.1093/jexbot/51.345.659
https://doi.org/10.1093/jxb/erp096
https://doi.org/10.1093/jxb/erp096
https://doi.org/10.1093/jxb/erp096
https://doi.org/10.1093/aobpla/plu074
https://doi.org/10.1093/aobpla/plu074
https://doi.org/10.1093/aobpla/plu074
https://doi.org/10.1093/aob/mci165
https://doi.org/10.1093/aob/mci165
http://dx.doi.org/10.1016/j.eja.2014.07.003
http://dx.doi.org/10.1016/j.eja.2014.07.003
http://dx.doi.org/10.1016/j.eja.2014.07.003
http://dx.doi.org/10.1016/j.eja.2014.07.003
http://dx.doi.org/10.1007/s11099-013-0021-6
http://dx.doi.org/10.1007/s11099-013-0021-6
http://dx.doi.org/10.1104/pp.109.139378
http://dx.doi.org/10.1104/pp.109.139378
http://dx.doi.org/10.1104/pp.109.139378
http://dx.doi.org/10.1046/j.0016-8025.2001.00814.x
http://dx.doi.org/10.1046/j.0016-8025.2001.00814.x
http://dx.doi.org/10.1046/j.0016-8025.2001.00814.x

	Contents
	Does Nitrogen Treatment Affect Leaf Photosynthetic Traits of Cork Oak (Quercus Suber L.) Populations?
	Abstract
	Keywords:
	Introduction
	Materials and Methods
	Experimental description and plant material
	Statistical analysis

	Results and Discussion
	Conclusion
	References


