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Abstract 
 
The relationships between dark respiration rate (RD) and net photosynthetic rate (PN) in Quercus ilex L. shrubs growing 
at the Botanical Garden in Rome were analysed. Correlation analysis of the data sets collected in the year 2006 
confirmed the dependence among the considered leaf traits, in particular, RD was significantly (p<0.05) correlated with 
PN (r = 0.40). RD and PN increased from March to May [1.40±0.10 and 10.1±1.8 μmol(CO2) m–2 s–1 mean values of the 
period, respectively], when air temperature was in the range 14.8–25.2 °C, underlining the highest metabolic activity in 
the period of the maximum vegetative activity that favoured biomass accumulation. On the contrary, the highest RD 
[1.60±0.02 μmol(CO2) m–2 s–1], associated to the lowest PN rates (44 % of the maximum) and carbon use efficiency 
(CUE) in July underlined the mobilization of stored material during drought stress by a higher air temperature (32.7 °C). 
 
Additional key words: carbon use efficiency; leaf temperature; seasonal course. 
 
—— 
 
Plant respiration is of comparable importance to photo-
synthesis as a determinant of plant production (Harris  
et al. 1975, Pearcy et al. 1987, Amthor 1989, Ryan et al. 
1997) being linked to processes such as growth, alloca-
tion, and nitrogen uptake (Cannell and Thornley 2000). 
Photosynthesis and respiration are strongly coupled 
because photosynthesis provides the substrate for re-
spiration (Cannell and Thornley 2000) and because of 
this the photosynthesis/respiration ratio is stable over  
a long time (Charles-Edwards 1982, Dewar et al. 1998). 
Moreover, respiration responds to air temperature (Ta) 
(Amthor 1984, Reich et al. 1996); dark respiration rate 
(RD) increases exponentially with air temperature in the 
short time, but there is a compensatory adjustment (accli-
mation) over the long time (few days, weeks, or months) 
(Atkin and Tjoelker 2003, Loveys et al. 2003, Atkin et al. 
2005). At very high temperatures, biochemical reactions 
take place so rapidly that substrates and metabolites (e.g. 
ADP) cannot keep up with the high turnover rate of 
substance and energy, thus the RD soon drops (Larcher 
2003). The link between air temperature and respiration 
suggests that global change could influence the magni-
tude of the respiration response. Thus, under-standing  
 

relationships between leaf RD and other leaf traits may 
help to predict physiological adjustments of plant species 
under new environmental conditions (Xu and Griffin 
2006). 

RD of not-senescent fully expanded leaves reflects 
“maintenance” respiration (McCree 1970) more than res-
piratory costs associated with the conversion of reserve 
materials into new structure (“growth” respiration) 
(Wright et al. 2006). Mediterranean evergreen species are 
characterised by lower rates of photosynthetic carbon 
gain and RD per unit dry mass than deciduous species 
(Reich et al. 1992). Villar et al. (1995) underline that the 
effect of inhibitory irradiance on respiration is not very 
strong in leaves of evergreen species depending on leaf 
longevity and irradiance. Whole-plant maintenance 
respiration generally declines during water stress as a 
result of an overall slowing of metabolic activity 
(McCree 1986, Amthor 1994); nevertheless, Nogué et al. 
(2001) underline a lower dark respiration sensibility to 
water stress than photosynthesis (90 and 40 % decreasing, 
respectively) in Rosmarinus officinalis.  

The objective of this research was to investigate 
relationships between RD and net photosynthetic rate (PN)  
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in Quercus ilex L. and their dependence on temperature. 
Measurements were carried out in the period February 
2006 to February 2007. PN, photosynthetically active 
radiation (PAR), leaf temperature (Tleaf), and RD were 
monitored on 10 Q. ilex shrubs (1.5 m height) growing at 
the Botanical Garden of Rome (41°53′53′′N, 12°28′46′′E; 
53 m a.s.l.). Gas exchange was measured using an infra-
red gas analyser (ADC LCA4, UK) equipped with a leaf 
chamber (PLC, Parkinson Leaf Chamber). RD was deter-
mined as CO2 efflux, darkening leaf chamber by a black 
paper (Shirke 2001, Cai et al. 2005). During gas 
exchange measurements, air temperature (Ta) was 
measured by a thermohygrometer (HD8901, Delta Ohm, 
I). Moreover, carbon use efficiency (CUE) was calculated 
by the ratio of PN and gross photosynthesis (PG) accord-
ing to Choudhury (2001). PG was calculated as the sum of 
the average values of PN, photorespiration, and RD, and 
based on the assumption that respiration rates (excluding 
photorespiration) were similar in the light and in the dark 
(Van Iersel 2003). Photorespiration was evaluated consi-
dering that under natural conditions C3 plants immediate-
ly lose about 20 % of the photosynthetically acquired 
CO2 in the form of photorespiratory CO2 (Larcher 2003). 
The highest PN values (Fig. 1) were monitored in spring 
[12.2±0.8 μmol(CO2) m–2 s–1, Ta = 25.2 °C], decreasing  
by 56 % during drought (July, Ta = 32.7 °C, 0.8 mm total 
rainfall of 15 d before measurement). 

The significant (p<0.001) polynomial relationship 
between PN and Tleaf (r = 0.72) indicated that the favour-
able leaf temperature enabling the highest photosynthetic 
rates (90 to 100 %) was in the range 16.6 to 27.7 °C 
dropping over 50 % when Tleaf was under 9.7 and over 
34.6 °C, respectively (Table 1). 

RD showed the highest rates in the period March to 
July [1.50±0.08 μmol(CO2) m–2 s–1, mean value of the 
period] (Fig. 1) when air temperature was in the range 
16.6–32.7 °C decreasing by 67 % from December to 
February (Ta in the range 15.6–9.8 °C). RD was signi-
ficantly correlated with Tleaf (r = 0.88, p<0.001) and PN  
(r = 0.40, p<0.05). During the study period there were no 
significant variations of CUE [0.52±0.02 mol(CO2)  
mol–1(CO2), yearly mean value], nevertheless a 13 % 
significant CUE decrease was observed in July (Fig. 1). 
CUE was significantly (p<0.001) and inversely correlated 
to RD (r = –0.74) (Table 1). 

 

These results underline the correlation among the 
considered physiological traits in Q. ilex: RD and PN 
increased from March to May up to Ta of 25.2 °C. Under  
 

 
 
Fig. 1. Net photosynthetic rate (PN), dark respiration rate (RD), 
and carbon use efficiency (CUE) trend of Q. ilex during the 
study period. Standard error is shown. Monthly mean values 
with the same letters are not significantly different (ANOVA, 
p>0.05). 
 

Table 1. Summary of regression analysis between net photosynthetic rate (PN) and leaf temperature (Tleaf), between dark respiration 
rate (RD) and Tleaf, between RD and PN, and between RD and carbon use efficiency (CUE). Regression equations and correlation 
coefficients (r) are shown. The correlations are significant at *p<0.005 and **p<0.001. For the correlation between PN and Tleaf 
(photosynthetic thermal window, sensu Larcher 1994), Tleaf enabling 100–90 % (T100-90) and 100–50 % (T100-50) of the maximum PN is 
shown. 
 

Regression equation r T100-90 T100-50 

PN = –0.0312Tleaf
2 + 1.3008 Tleaf – 5.589   0.72** 16.6–27.7 °C 9.7–34.6 °C 

RD = 0.2256 e0.0592Tleaf   0.88**   
RD = 0.0312 PN

2 – 0.4862 PN + 2.7471   0.40*   
RD = –3.331 CUE + 7.8905 –0.74**   
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favourable conditions, leaves of C3 plants take up roughly 
three to five times as much CO2 as they lose by dissimi-
latory processes during the same period of time (Larcher 
2003). The high RD associated to the highest PN underline 
the high metabolic activity in the period of maximum 
vegetative activity, favouring biomass accumulation. RD 
variations at different times of the year may be attributed 
to the acclimation of the respiring biomass to temperature 
and to varying amounts of respiring tissues (Linder and 
Troeng 1981). 

The highest RD associated to the lowest PN (44 % of 
the maximum) is observed in July, during drought stress, 
when biomass allocation is not allowed and stored 
material is mobilized in response to the plant’s 
requirements for material growth and maintenance, 
according to Butler and Landsberg (1981). Thus, PN de- 
 

creasing in drought is not paralleled with RD in Q. ilex, by 
the different role of these two physiological leaf traits. 

Moreover, the cumulative carbon assimilation avail-
able for plant growth during summer may be drastically 
reduced, due to a lower conversion efficiency of photo-
synthetic primary products into the final dry mass; this is 
confirmed by CUE trend, an index describing how effi-
ciently saccharides are converted into structural dry 
matter, according to Van Iersel (2001). A significant 
CUE decrease (13 %) is observed in July, and it may be 
related to the mobilization of stored material by the 
highest RD. 

These results underlin that global change, and in 
particular air temperature increase might modify the ratio 
PN/RD determining differences in the total dry matter 
accumulation. 

References 
 
Amthor, J.S.: The role of maintenance respiration in plant 

growth. – Plant Cell Environ. 7: 561-569, 1984. 
Amthor, J.S.: Respiration and Crop Productivity. – Springer-

Verlag, New York – Berlin – Heidelberg – London – Paris – 
Tokyo 1989. 

Amthor, J.S.: Plant respiratory responses to the environment 
and their effect on the carbon balance. – In: Wilkinson, R.E. 
(ed.): Plant–Environment Interactions. Pp. 501-554. Marcel 
Dekker, New York – Basel – Hong Kong 1994. 

Atkin, O.K., Bruhn, D., Tjoelker, M.G.: Response of plant res-
piration to changes in temperature: mechanism and conse-
quences of variations in Q10 values and acclimation. – In: 
Lambers, H., Ribas-Carbó, M. (ed.): Plant Respiration: From 
Cell to Ecosystem. Pp. 95-135. Springer, Berlin 2005. 

Atkin, O.K., Tjoelker, M.G.: Thermal acclimation and the 
dynamic response of plant respiration to temperature. – 
Trends Plant Sci. 8: 343-351, 2003. 

Butler, D.R., Landsberg, J.J.: Respiration rates of apple trees, 
estimated by CO2-efflux measurements. – Plant Cell Environ. 
4: 153-159, 1981. 

Cai, Z.-Q., Slot, M., Fan, Z.-X.: Leaf development and photo-
synthetic properties of three tropical tree species with delayed 
greening. – Photosynthetica 43: 91-98, 2005. 

Cannell, M.G.R., Thornley, J.H.M.: Modelling the components 
of plant respiration: Some guiding principles. – Ann. Bot. 85: 
45-54, 2000. 

Charles-Edwards, D.A.: Physiological Determinants of Crop 
Growth. – Academic Press, London – New York 1982. 

Choudhury, B.J.: Modeling radiation- and carbon-use efficien-
cies of maize, sorghum, and rice. – Agr. Forest Meteorol. 106: 
317-330, 2001. 

Dewar, R.C., Medlyn, B.E., McMurtrie, R.E.: A mechanistic 
analysis of light and carbon use efficiencies. – Plant Cell 
Environ. 21: 573-588, 1998. 

Harris, W.F., Sollins, N.T., Edwards, B.E., Shugart, H.H.: 
Analysis of carbon flow and productivity in a temperate 
deciduous forest system. – In: Reichle, D., Franklin, J.F., 
Goodall, D.W. (ed.): Productivity of World Ecosystems. Pp. 
116-122. National Academy of Science, Washington 1975. 

Larcher, W.: Photosynthesis as a tool for indicating temperature 
stress events. – In: Schulze, E.D., Caldwell, M.M. (ed.): 

Ecophysiology of Photosynthesis. Pp. 261-277. Springer- 
Verlag, Berlin – Heidelberg 1994. 

Larcher, W.: Physiological Plant Ecology. – Springer-Verlag, 
Berlin – Heidelberg 2003. 

Linder, S., Troeng, E.: The seasonal course of respiration and 
photosynthesis in strobili of Scots pine. – Forest Sci. 27: 267-
276, 1981. 

Loveys, B.R., Atkinson, L.J., Sherlock, D.J., Roberts, R.L., 
Fitter, A.H., Atkin, O.K.: Thermal acclimation of leaf and 
root respiration: an investigation comparing inherently fast- 
and slow-growing plant species. – Global Change Biol. 9: 
895, 2003. 

McCree, K.J.: An equation for the rate of respiration of white 
clover plants grown under controlled conditions. – In: Šetlík, 
I. (ed): Prediction and Measurement of Photosynthetic Pro-
ductivity. Pp. 221-229. PUDOC, Wageningen 1970. 

McCree, K.J.: Whole-plant carbon balance during osmotic 
adjustment to drought and salinity stress. – Aust. J. Plant 
Physiol. 13: 33-43, 1986. 

Nogués, S., Munné-Bosch, S., Casadesús, J., López-Carbonell, 
M., Alegre, L.: Daily time course of whole-shoot gas exchan-
ge rates in two drought-exposed Mediterranean shrubs. – Tree 
Physiol. 21: 51-58, 2001. 

Pearcy, R.W., Björkman, O., Caldwell, M.M., Keeley, J.E., 
Monson, R.K., Strain, B.R.: Carbon gain by plants in natural 
environments. – BioScience 37: 21-29, 1987. 

Reich, P.B., Kloeppel, B.D., Ellsworth, D.S.: Leaf lifespan in 
relation to leaf, plant and stand characteristic among diverse 
ecosystems. – Ecol. Monogr. 62: 365-392, 1992. 

Reich, P.B., Oleksyn, J., Tjoelker, M.G.: Needle respiration and 
nitrogen concentration in Scots pine populations from a broad 
latitudinal range: a common garden test with field-grown 
trees. – Funct. Ecol. 10: 768-776, 1996. 

Ryan, M.G., Lavigne, M.B., Gower, S.T.: Annual carbon cost 
of autotrophic respiration in boreal forest ecosystems in 
relation to species and climate. – J. geophys. Res. 102: 
28,871-28,883, 1997. 

Shirke, P.A.: Leaf photosynthesis, dark respiration and fluores-
cence as influenced by leaf age in an evergreen tree, Prosopis 
juliflora. – Photosynthetica 39: 305-311, 2001. 

Van Iersel, M.W.: Carbon use efficiency depends on growth  



L. GRATANI et al. 

636 

respiration, maintenance respiration, and relative growth rate. 
A case study with lettuce. – Plant Cell Environ. 26: 1441-
1449, 2003. 

Villar, R., Held, A.A., Merino, J.: Dark leaf respiration in light 
and darkness of an evergreen and a deciduous plant species. – 
Plant Physiol. 107: 421-427, 1995. 

Wright, I.J., Reich, P.B., Atkin, O.K., Lusk, C.H., Tjoelker,  
 

M.G., Westoby, M.: Irradiance, temperature, and rainfall 
influence leaf dark respiration in woody plants evidence from 
comparisons across 20 sites. – New Phytol. 169: 309-319, 
2006. 

Xu, C.Y., Griffin, K.L.: Seasonal variations in the temperature 
response of leaf respiration in Quercus rubra: foliage respir-
ation and leaf properties. – Funct. Ecol. 20: 778-779, 2006. 

 


