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Abstract. Leaf respiration drives plant energy use and greatly influences global carbon balance. It is 

inhibited by light. The climate-driven effects of changes in nitrogen deposition and soil moisture on leaf 

respiration in light (RL) are not well understood. To better understand the response of RL and its inhibition 

by light, we experimentally determined RL and light inhibition degree, an index of the inhibitory effect of 

light on leaf respiration with respect to dark leaf respiration, for potted specimens of an evergreen conifer 

species (Pinus koraiensis) and a deciduous broadleaved species (Tilia amurensis) in Changbai Mountains 

forests that were subjected to soil nitrogen and moisture treatments. RL increased as nitrogen deposition 

increased to a particular level (46 kg/ha/y N), when enzymes and mineral nutrients became imbalanced. 

RL decreased as soil moisture decreased to a drought level. Light inhibition degree behaved inversely to 

RL, and the average range for both species combined was 42.0%–78.4% for nitrogen treatments and 

58.3%–87.0% for soil moisture treatments. The results are fundamental to accurate modeling of terrestrial 

carbon budgets and assessment of the carbon economy in forest ecosystems in a rapidly changing climate. 
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Introduction 

Leaf respiration is an important factor in determining whether a forest is a net carbon 

source or a sink and its behavior in response to climate change is therefore of particular 

interest (Valentini et al., 2000; Duman and Schafer, 2018). Respiration significantly 

influences the daily carbon assimilation of a tree; leaf respiration in forest canopies 

consumes 9%–22% of gross primary production and accounts for 50%–70% of 

autotrophic respiration (Linder, 1985; Malhi et al., 2002). Gonzalez-Meler et al. (2004) 

showed that CO2 production by leaf respiration represents approximately 25% of total 

plant carbon consumption and that 3 Gt of CO2 is released annually from the terrestrial 

ecosystem through leaves. Understanding leaf respiration is clearly a fundamental 

prerequisite for modeling carbon budgets in an ecosystem. CO2 efflux from leaf 

respiration accounts for a large proportion of the gross atmospheric CO2 uptake and 

occurs in light and in darkness as well (Tombesi et al., 2022). Balancing leaf respiration 

with photosynthesis is required when estimating carbon use by individual plants, net 

ecosystem CO2 exchange, and global carbon balance (Gifford, 2003). Many studies 

have analysed photosynthesis over a wide range of environments and have incorporated 

past and future climate scenarios (Kirschbaum, 2008; Wang et al., 2012); however, leaf 

respiration has received little attention. Leaf respiration in light (RL), unlike leaf 

respiration in darkness (RD), is difficult to measure directly. Researchers often use leaf 

respiration in darkness as a proxy for leaf respiration in light (Chi et al., 2020; Scafaro 

et al., 2021). However, this practice can result in an overestimation of leaf respiration 

and gross primary production since it is generally accepted that respiration is 
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significantly inhibited by daylight (Tcherkez and Atkin, 2021; Souza et al., 2021). 

Accurate prediction of RL is critical to accurate prediction of ecosystem respiration and 

gross primary production in a global vegetation model, so models of RL must 

incorporate the inhibited response of leaf respiration to light and to various other 

environmental factors (Keenan et al., 2019). 

Many studies have investigated the response of leaf respiration to temperature and 

ambient CO2 concentrations (Atkin and Tjoelker, 2003; Gonzalez-Meler et al., 2004; 

Lai Fern et al., 2010), but there has been little research into the response of leaf 

respiration in light to changes in nitrogen deposition and water availability. Many 

studies have demonstrated that leaf constituents (e.g., chlorophyll and soluble protein) 

related to leaf respiration vary with different nitrogen depositions and under drought 

conditions (Nakaji et al., 2001; Crous et al., 2011; Wang et al., 2012), but more 

knowledge of leaf respiration and its inhibition by light in different nitrogen and soil 

water conditions is required to accurately model RL. 

In this study, we analysed RL and light inhibition of leaf respiration for various levels 

of soil water content and nitrogen deposition to gain a better understanding of the 

drivers of RL. Maximum photochemical fluorescence rate (Fv/Fm) and soil and plant 

analysis development (SPAD) measurements were obtained and analyzed for different 

soil nitrogen additions and soil water levels. We quantified RL for specimens of a 

deciduous broadleaf species and an evergreen conifer tree species in a typical temperate 

forest and subjected the experimental subjects to treatments that represent two major 

global climate change factors, increased nitrogen deposition and drought. The specific 

aims of the present study were: (1) to accurately model how RL responds to increased 

nitrogen deposition and drought conditions; (2) to determine how nitrogen deposition 

and drought influence light inhibition; and (3) to identify proxies for RL by analyzing 

relationships between RL and leaf constituents. The research object is a typical natural 

temperate forest that is a crucial component of the global carbon budget; it is therefore 

critical to accurately predict RL for the forest by accurately modeling the action of light 

inhibition on RL in different climate scenarios. 

Materials and methods 

Study site 

The experimental site was at Changbai Moutain Station, Chinese Academy of 

Science in eastern Jilin province in northeastern China (42°24′09″N, 128°05′45″E) at an 

elevation of 738 m. The site is situated in the monsoon-influenced temperate continental 

climate zone. Mean annual temperature is 3.5 ºC, and mean annual precipitation is 

695 mm, according to meteorological records for 1982–2003. The soil is dark brown 

forest soil. Natural nitrogen deposition is 23 kg/ha/y N, and mean soil field capacity is 

27.4%. The main species comprising the homogeneous broad-leaved deciduous and 

coniferous forest are Pinus koraiensis, Fraxinus mandshurica, Tilia amurensis and 

Quercus mongolica. 

Experimental design 

The experimental potted sapling specimens were situated in an opening within the 

mixed forest. Pot diameter was 45 cm and each pot was filled with a homogenized 

mixture of local forest soil (i.e., the same soil as for the forest trees). Vigorous seven-
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year-old saplings were selected 3 y after being transplanted to the pots. The mean height 

of the saplings was 1.6 m, and their average basal diameter was 2 cm. Treatments were 

one of four nitrogen additions and maintenance of one of three different controlled soil 

water levels in seven-year-old specimens of one evergreen conifer species (P. koraiensis) 

and one deciduous broadleaved species (T. amurensis). The four nitrogen treatments 

were 0, 23, 46 and 69 kg/ha/y N (identified respectively as N0, N23, N46 and N69) that 

were 0×, 1×, 2× and 3× multiples, respectively of the nitrogen deposition level of the 

study location (23 kg/ha/y N); other environmental factors were not controlled. 

Ammonium nitrate was applied twice each year on the first day of May and the last day 

of June. Three soil water regimes were designed for the saplings of the two tree species 

and were maintained by sheltering the potted plants. Soil volumetric water content θ 

was measured periodically in the 0–30 cm depth range with a portable time-domain 

reflectometer (TDR 100, Campbell Scientific, USA). The three soil water content 

regimes were 85%–100%, 65%–85% and 45%–65% of field capacity and were 

identified respectively as CK, MW and LW, respectively. 

Gas-exchange measurements 

The following parameter measurements were made to estimate dark respiration of the 

two tree species. Net photosynthesis rate (An) was measured from June to September 

under different photosynthetic photon flux densities (PPFDs) of 150, 120, 90, 60, 50, 

40, 30, 20, 10, 7, 4, 2 and 0 μmol m−2 s−1 at normal ambient CO2 concentrations 

(approximately 380 μmol mol−1) using a portable photosynthesis measurement system 

(LI-6400, LI-COR, Lincoln, NE, USA). Each measurement was conducted in equivalent 

conditions; leaf temperature was 25 ºC, relative humidity was approximately 60% and, 

flow rate was 500 μmol s−1. All measurements were taken between 08:00 h and 11:30 h 

on a sunny day. Measurements for different nitrogen and soil water treatments were 

taken once a month from June to September. For each measurement, four leaves of three 

individuals per replicate were randomly selected for sampling. Leaf respiration in 

darkness was measured after 20 min dark acclimation for the specimens. 

Other measurements 

Maximum photochemical fluorescence rate (Fv/Fm) was measured after 20 min 

darkness acclimation using a portable chlorophyll fluorescence meter (OS-30p, Opti-

Sciences, USA). The soil and plant analysis development (SPAD) was measured by the 

chlorophyll meter (SPAD-502, Konica Minolta, JPN). SPAD measurement of the 

relative amount of chlorophyll in each leaf was made fifteen times at regular intervals, 

and the average value was taken to be the SPAD value for the leaf. SPAD was measured 

only for the broadleaved specimens (T. amurensis). 

Estimation of leaf respiration in light and degree of light inhibition by the Kok 

method 

In this study, Kok method was chosen to estimate light leaf respiration in light (Kok, 

1948). The method analyzes the empirically determined response of the net 

photosynthesis rate An to light at low intensities, where the response is assumed to be 

linear and An increases as light intensity increases from 0 μmol m−2 s−1. The point at 

which the linear regression curve meets the vertical (An) axis indicates the level of dark 

respiration RD. However, there is a discontinuity in the slope of the linear regression 
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curve as it moves away from zero light intensity, close to the light compensation point, 

at which the slope decreases markedly as light intensity continues to increase. The An 

response remains linear, and if the line of lower slope is extended back to the vertical 

axis, the point of intersection (i.e., light intensity = 0) indicates RL. However, there is a 

drawback to the Kok method of extrapolation that cannot be ignored. During the 

construction of the empirically determined light curves, it is assumed that intercellular 

CO2 concentration (Ci) increases gradually due to decreased stomatal conductance as 

PPFD decreases, and that related An increases correspondingly. This has the effect of 

decreasing the slope of the regression line that is extended to extrapolate RL, and the 

true RL value is therefore underestimated. Kirschbaum and Farquhar (1987) showed that 

the Kok method underestimates RL because the method assumes that Ci is constant as 

PPFD changes. To reduce the underestimation inherent in the Kok method, we 

estimated RL after correcting Ci, following the approach of Kirschbaum and Farquhar 

(1987). The quantum yield of RuP2 regression (J) was calculated as: 
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where Γ⁎ is the CO2 compensation point at which photosynthetic CO2 uptake equals 

photorespiration CO2 evolution, [O2] is the partial pressure of oxygen in ambient air, pr 

is atmospheric pressure, gs is stomatal conductance and T is leaf temperature. RL was 

finally calculated using an iterative correction procedure. 

Another correction, that of considering the respired CO2 under the leaf chamber 

gaskets, was also taken into account. Respired CO2 diffused from the leaf area under the 

gaskets may travel into the cuvette of the Li-Cor 6400. RL and RD were recalculated 

after taking into account this effect as described by Pons and Welschen (2002) and 

Shapiro et al. (2004). RL was recalculated according to Equation 3: 

 

 
recalculated RL = [(extrapolated value of RL × 6 cm2) − (recalculated 

value of RD × S)] / 6 cm2 
(Eq.3) 

 

where 6 cm2 is the window area of the Li-Cor 6400 and S represents the area of the 

inward side of the gasket. 

The light inhibition degree of RL (i.e., the extent that RL differed from RD due to the 

inhibitory effect of light as a proportion of RL) was then recalculated by the following 

formula: 

 

 

Data analysis was performed using SPSS version 17.0 (SPSS, Chicago, IL, USA) 

software. The differences were tested with Student’s t test to determine the differences 

of these leaf traits between each nitrogen addition or soil water levels. All tests were 

based on a significance level of 0.05. 

 Light inhibition degree =  (Eq.4) 
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Results 

Effect of different nitrogen additions on day respiration and the light inhibition 

We first analyzed the response of RL and the effects of light inhibition on RL to 

variation in nitrogen addition. RL values for the evergreen conifer species P. koraiensis 

and the deciduous broadleaved species T. amurensis were calculated using the Kok 

method for the four nitrogen treatments, N0, N23, N46 and N69 (Fig. 1). RL increased 

gradually as nitrogen addition increased from N0 to N46. However, RL for N69 decreased 

from RL for N46 for both species. RL for N23 and RL for N46 were significantly greater 

than RL for N0. For P. koraiensis, the average difference in RL between N23 and N0 over 

four months was 15.2% and between N46 and N0 was 23.7% (P<0.05, Student’s t-test). 

Corresponding differences for T. amurensis were 16.7% and 37.6% (P<0.05, Student’s 

t-test). In contrast, RL for N69 was significantly less than for RL for N46 for both species; 

the difference for P. koraiensis was −27.1% and for T. amurensis was −24.2% (P<0.05, 

Student’s t-test). 

 

Figure 1. RL for four nitrogen addition treatments (0, 23, 46 and 69 kg/ha/y N) for the two main 

tree species of Changbai Mountain (P. koraiensis and T. amurensis) from June to September. 

The data are presented as mean ± SE, n=4 

 

 

The values of RL and RD for P. koraiensis were significantly less than the values for 

T. amurensis for each nitrogen treatment over the four months. The average differences 

in RL and RD between the two species for the four treatments over the four months were 

in the range 43.8%–55.6%. 
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The light inhibition degree for four nitrogen treatments of one conifer tree species 

(P. koraiensis) and one deciduous tree species (T. amurensis) is shown in Fig. 2. The 

light inhibition degree gradually decreased as the nitrogen level increased from 

treatment N0 to N46. However, the light inhibition degree increased for N69 over N46 for 

both species. The light inhibition degree for N23 and N46 was significantly less than that 

for N0. The average difference in light inhibition degree for the four months between 

N23 and N0 was −4.7% and between N46 and N0 was −7.7% for P. koraiensis (P<0.05, 

Student’s t-test); corresponding differences for T. amurensis were −5.6% and −16.6% 

(P<0.05, Student’s t-test). In contrast, the light inhibition degree for N69 was 

significantly greater for N46; the difference was 9.9% for P. koraiensis and 22.0% for T. 

amurensis (P<0.05, Student’s t-test). There was no significant difference in light 

inhibition degree between P. koraiensis and T. amurensis. The average light inhibition 

degree of the two tree species for different nitrogen treatments was in the range of 

42.0%-78.4%. 

 

Figure 2. Effects of nitrogen addition (0, 23, 46 and 69 kg/ha/y N) on light inhibition degree for 

the two main tree species of Changbai Mountain (P. koraiensis and T. amurensis) from June to 

September. The data are presented as mean ± SE, n=4 

 

 

Change of the maximum photochemical fluorescence rate and SPAD value to 

nitrogen addition 

Fv/Fm is the maximum photochemical efficiency of PSⅡ in the dark and it indicates 

whether the plant is stressed in terms of growth. Fv/Fm decreases if the plant is stressed. 

Fv/Fm and SPAD were measured for the different nitrogen treatments to determine how 
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nitrogen addition affected physiological activity, as shown in Fig. 3 and Fig. 4. Fv/Fm 

for P. koraiensis for treatments N23 was 3.2% greater and for N46 was 4.0% greater than 

for N0; corresponding values for T. amurensis were 7.4% and 12.2%. Fv/Fm decreased 

for N69 from N46 by 2.8% for P. koraiensis and by 5.2% T. amurensis. All differences 

were significant (P<0.05, Student’s t-test). 

 

 

Figure 3. Maximum photochemical fluorescence rate (Fv/Fm) for different nitrogen treatments 

(0, 23, 46 and 69 kg/ha/y N) for the two main tree species (P. koraiensis and T. amurensis) of 

Changbai Mountain. The data are presented as mean ± SE, n=4 

 

 

Figure 4. SPAD for four nitrogen treatments (0, 23, 46 and 69 kg/ha/y N) for the broadleaf tree 

species of Changbai Mountain (T. amurensis) from June to September. The data are presented 

as mean ± SE, n=4 
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SPAD represents leaf chlorophyll content. Variation in SPAD was similar to that in 

Fv/Fm, for nitrogen treatments N23 and N46, being respectively 20.5% and 27.3% greater 

than for N0 for T. amurensis in the four months (P<0.05, Student’s t-test). SPAD 

decreased by 4.4% in N69 from N46 (P<0.05, Student’s t-test).  

Effect of water regime on day respiration 

RL for different soil water content values in three different water regimes (CK, MW 

and LW) is shown in Fig. 5 for P. koraiensis and T. amurensis from June to August. All 

RL values for the two species were the greatest in treatment CK (sufficient watering) and 

gradually decreased as soil water content decreased. The average RL value for 

P. koraiensis for MW was 17.0% less and for LW was 37.7% less than for CK (P<0.05, 

Student’s t-test). Corresponding values for T. amurensis were 22.2% and 44.3% 

(P<0.05, Student’s t-test). There was no significant difference in RL between 

P. koraiensis and T. amurensis. 

 

Figure 5. Response of RL to different water regimes for the two main tree species of Changbai 

Mountain (P. koraiensis and T. amurensis) from June to August. The data are presented as 

mean ± SE, n=4 

 

 

Effect of different water regimes on light inhibition degree 

We also calculated light inhibition degree for the three different water regimes (CK, 

MW and LW) for P. koraiensis and T. amurensis in June and July, as shown in Fig. 6. 

In all cases, the lowest values of light inhibition degree were for CK and the value 

increased each month as soil water content decreased. The average light inhibition 

degree of P. koraiensis was 14.2% greater for MW and 17.0% greater for LW than for 

CK (P<0.05, Student’s t-test). Corresponding values for T. amurensis were 6.2% and 
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11.1% (P<0.05, Student’s t-test). Average light inhibition degree for the two species 

was in the range of 58.3%–87.0%. There was no significant difference in light 

inhibition degree between P. koraiensis and T. amurensis. 

 

Figure 6. Light inhibition degree for different soil water levels for the two main tree species of 

Changbai Mountain (P. koraiensis and T. amurensis) in June and July. The data are presented 

as mean ± SE, n=4 

 

 

Fv/Fm for T. amurensis was measured during the water control period in September 

(Fig. 7). Fv/Fm decreased gradually; for MW it was 17.2% less than for CK and for LW 

it was 47.4% less than for CK (P<0.05, Student’s t-test). 

 

Figure 7. Maximum photochemical fluorescence rate (Fv/Fm) for different soil water levels for T. 

amurensis in September. The data are presented as mean ± SE, n=4 
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Discussion 

Response of day respiration and light inhibition degree to different nitrogen levels 

Our findings suggested that RL increased as soil nitrogen increased in treatments N0 

through N46, and decreased with further nitrogen addition. In contrast, light inhibition 

degree decreased as soil nitrogen increased in treatments N0 through N46. RL had a 

maximum value and light inhibition degree had a minimum value for treatment N46. 

The increase in RL is explained as follows. The increase in nitrogen deposition 

induced an increase in plant tissue nitrogen content (Manter et al., 2005; Jia et al., 2011). 

Many studies have found a positive correlation between leaf nitrogen content and leaf 

respiration (Ryan et al., 1996; Reich et al., 1998; Sugiura and Tateno, 2011). Jia et al. 

(2011) showed that nitrogen fertilization increased both tissue nitrogen content and root 

respiration, and root respiration has been found to closely mirror leaf respiration (Reich 

et al., 2002). Manter et al. (2005) found that leaf net photosynthesis rate of saplings 

increased as soil nitrogen content increased through fertilizer application and that there 

were similar trends in variation of photosynthesis rate and leaf respiration. Finally, total 

sapling biomass was found to increase as nitrogen fertilizer concentration increased 

(Manter et al., 2005). Greater RL and lower light inhibition degree were necessary for 

the production of more carbon skeletons, higher energy, and more reductant-producing 

organelles that originate during the respiration process. 

The four reasons outlined in the preceding paragraph account for increased nitrogen 

contributing to the increase in RL; we also found that light inhibition degree decreased 

from treatment N0 to N46. However, Minocha et al. (2001) found that surplus nitrogen 

due to a high soil nitrogen addition was not used to increase Rubisco synthesis and was 

instead accumulated as putrescine, which is a stress indicator. It has been found that the 

ratios of N/P and Mn/Mg in sapling leaves significantly increased under a high nitrogen 

load and led to an imbalance of mineral nutrients (Nakaji et al., 2001, 2002). Therefore, 

both RL decreased and light inhibition degree increased because of the additional 

nitrogen in treatment N69. 

We found that the value of RL was significantly less for the evergreen conifer species 

than that for the deciduous broadleaved species in each nitrogen treatment. Reich et al. 

(1998) and Stockfors and Linder (1998) showed that RL and stem respiration varied 

similarly, and other studies have found that stem respiration was positively correlated 

with plant growth rate (Stockfors and Linder, 1998). We found greater RL values in the 

higher growth rate species (T. amurensis) than in the lower growth rate species 

(P. koraiensis). This finding is consistent with the findings of Poorter et al. (1990), who 

investigated respiration for two species with different growth rates and found a higher 

tissue nitrogen fraction and greater leaf respiration for the faster growing species than 

for the slower growing species. 

Effect of different water regimes on day respiration and light inhibition degree 

RL decreased and light inhibition degree increased as soil water content decreased for 

both species in this study. Previous studies have suggested that decreased leaf 

respiration in drought was most likely due to decreased substrate availability (Lawlor 

and Fock, 1977) or greater restriction of adenylate because of decreased ATP demand 

(Atkin and Macherel, 2009). However, Crous et al. (2011) found that soluble sugar 

content was not significantly affected by drought conditions, so the decreased supply of 

respiration substrate induced by drought was not responsible for the decrease in RL and 



Sun - Yao: Effect of nitrogen and soil water on leaf respiration of Pinus koraiensis and Tilia amurensis saplings in a temperate forest 

- 1071 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(2):1061-1074. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2102_10611074 

© 2023, ALÖKI Kft., Budapest, Hungary 

greater value of light inhibition degree that we found, and the decreased demand for 

respiration products (e.g., ATP, NADPH or TCA cycle intermediates) was most likely 

responsible. In addition, Crous et al. (2012) found that the starch concentrations 

increased in drought conditions, which suggests that the transport of organic matter by 

phloem decreased, so ATP demand decreased. Leaf nitrogen content decreased in 

sustained drought, which decreased the demand for respiratory ATP used in protein 

turnover (Crous et al., 2012). It has been found that phosphorus concentrations 

decreased in drought-affected leaves and intensified the adenylate restriction of leaf 

respiration (Plaxton and Podestá, 2006). Our findings that RL decreased and light 

inhibition degree increased in the water stress treatment are similar to the findings of the 

majority of studies that estimated RL using the Kok method (Ayub et al., 2011; Crous et 

al., 2012). 

Variation in SPAD and maximum photochemical efficiency with increasing nitrogen 

addition and decreasing soil water content 

We found that variations in SPAD and Fv/Fm were similar in the different nitrogen 

and soil water treatments. Both SPAD and Fv/Fm increased as soil nitrogen increased 

from N0 to N46 and then decreased for treatment N69 and both decreased as soil water 

content decreased. Chlorophyll content is key to photosynthesis, and it is indicated by 

SPAD. Variation in chlorophyll content as indicated by SPAD was consistent with the 

results of Warren et al. (2003), who found that chlorophyll content increased as soil 

nitrogen content increased. Yan et al. (2012) found a positive correlation between An 

and Fv/Fm, so variation in SPAD and Fv/Fm also indicates variation in the rate of 

photosynthesis. Other studies have found tight coupling between photosynthesis rate 

and RL (Ayub et al., 2011). Increase in RL may therefore be because of increased 

photosynthesis, as indicated by SPAD and Fv/Fm, due to nitrogen addition in treatments 

N0 through N46. However, Nakaji et al. (2001, 2002) found that the chlorophyll content 

of P. densiflora saplings decreased under high nitrogen load due to loss of mineral 

nutrition balance in the plants, which is consistent with the variation in chlorophyll 

content for different nitrogen treatments that we found. Ayub et al. (2011) found that 

the photosynthesis rate decreased due to a decrease in Fv/Fm and that RL was tightly 

coupled with the rate of photosynthesis, so RL decreased as soil water content decreased. 

Buckley and Adams (2011) found that light inhibition degree ranged from 24% to 90%, 

which suggests that RL and RD respond differently to environmental signals. Light 

inhibition degree varied from 42.0% to 78.4% (T. amurensis) and 58.3% to 87.0% 

(P. koraiensis) for the two species in this study. The values of light inhibition degree we 

obtained were within the higher part of the range for leaves under stress. Light 

inhibition degree values for different water regimes in this study were similar to those 

found by Crous et al. (2012), which were approximately 50%–80%. 

Conclusion 

Clear relationships between environmental factors and plant functional traits are vital 

for accurate prediction in modeling plant behavior. In this study, we intended to gain a 

better understanding of the leaf respiration response to two different climate change 

scenarios. Leaf respiration of two prominent tree species (one evergreen conifer species 

and one deciduous broadleaved species) was quantified for different nitrogen deposition 

and soil moisture treatments in a typical temperate forest. Drawing on some previous 
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studies, we analyzed changes in RL and light inhibition degree as they affected leaf 

respiration for different soil nitrogen and moisture levels to produce an explanation of 

how these parameters influenced leaf respiration. 

Our findings suggested that in all cases RL was inhibited by light and gradually 

increased when nitrogen deposition increased within a certain range (treatments N0–N46) 

and decreased when nitrogen deposition was over-saturated (treatment N69). In contrast, 

light inhibition degree decreased as nitrogen deposition increased from N0 to N46 and 

increased for treatment N69. RL decreased as soil water content decreased, but light 

inhibition degree increased stepwise. SPAD and Fv/Fm varied in line with RL for 

different nitrogen and soil water treatments. 

The marked variation in respiration for different nitrogen and soil water treatments 

has important implications for understanding the balance between photosynthetic 

carbon uptake and respiratory carbon loss. However, analysis of the relationship 

between leaf respiration and photosynthesis and understanding the physiological 

mechanisms more deeply demands research that recognizes the influence of different 

factors of climate change. 

Acknowledgments. The authors are deeply grateful to the staff of the National Forest Ecosystem 

Research Station of Changbai Mountain for their assistance in the maintenance of instruments and 

collection of field data. 

Funding. This study was funded by the Natural Science Foundation of Shandong Province 

(ZR2020QD061, ZR2020ME254), the National Natural Science Foundation of China (51309016). 

REFERENCES 

[1] Atkin, O. K., Tjoelker, M. G. (2003): Thermal acclimation and the dynamic response of 

plant respiration to temperature. – Trends Plant Sci 8(7): 343-351. 

[2] Atkin, O. K., Macherel, D. (2009): The crucial role of plant mitochondria in orchestrating 

drought tolerance. – Ann Bot-London 103(4): 581-597. 

[3] Ayub, G., Smith, R. A., Tissue, D. T., Atkin, O. K. (2011): Impacts of drought on leaf 

respiration in darkness and light in Eucalyptus saligna exposed to industrial-age 

atmospheric CO2 and growth temperature. – New Phytol 190(4): 1003-1018. 

[4] Buckley, T. N., Adams, M. A. (2011): An analytical model of non-photorespiratory CO2 

release in the light and dark in leaves of C3 species based on stoichiometric flux balance. 

– Plant Cell Environ 34(1): 89-112. 

[5] Chi, Y. G., Yang, Q. P., Zhou, L., Shen, R. C., Zheng, S. X., Zhang, Z. Y., Zhang, Z. Z., 

Xu, M., Wu, C. F., Lin, X. W., Jin, J. (2020): Temperature sensitivity in individual 

components of ecosystem respiration increases along the vertical gradient of leaf-stem-

soil in three subtropical forests. – Forests 11: 140.1-140.15. 

[6] Crous, K. Y., Zaragoza-Castells, J., Löw, M., Ellsworth, D. S., Tissue, D. T., Tjoelker, G., 

Barton, C. V. M., Gimeno, T., Atkin, O. K. (2011): Seasonal acclimation of leaf 

respiration in Eucalyptus saligna trees: impacts of elevated atmospheric CO2 and summer 

drought. – Global Change Biol 17(4): 1560-1576. 

[7] Crous, K. Y., Zaragoza-Castells, J., Ellsworth, D. S., Duursma, R. A., Löw, M., Tissue, D. 

T., Atkin, O. K. (2012): Light inhibition of leaf respiration in field-grown Eucalyptus 

saligna in whole-tree chambers under elevated atmospheric CO2 and summer drought. – 

Plant Cell Environ 35(5): 966-981. 



Sun - Yao: Effect of nitrogen and soil water on leaf respiration of Pinus koraiensis and Tilia amurensis saplings in a temperate forest 

- 1073 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(2):1061-1074. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2102_10611074 

© 2023, ALÖKI Kft., Budapest, Hungary 

[8] Duman, T., Schafer, K. V. R. (2018): Partitioning net ecosystem carbon exchange of 

native and invasive plant communities by vegetation cover in an urban tidal wetland in 

the New Jersey Meadowlands (USA). – Ecological Engineering 114: 16-24. 

[9] Gifford, R. M. (2003): Plant respiration in productivity models: conceptualisation, 

representation and issues for global terrestrial carbon-cycle research. – Funct Plant Biol 

30(2): 171-186. 

[10] Gonzalez-Meler, M. A., Taneva, L., Trueman, R. J. (2004): Plant respiration and elevated 

atmospheric CO2 concentration: cellular responses and global significance. – Ann Bot. 

London 94(5): 647-656. 

[11] Jia, S., Wang, Z., Li, X., Zhang, X., Mclaughlin, N. B. (2011): Effect of nitrogen fertilizer, 

root branch order and temperature on respiration and tissue N concentration of fine roots 

in Larix gmelinii and Fraxinus mandshurica. – Tree Physiol 31(7): 718-726. 

[12] Keenan, T. F., Migliavacca, M., Papale, D., Baldocchi, D., Reichstein, M., Torn, M., 

Wutzler, T. (2019): Widespread inhibition of daytime ecosystem respiration. – Nature 

Ecology and Evolution 3(3): 407-415. 

[13] Kirschbaum, M. (2008): Direct and indirect climate change effects on photosynthesis and 

transpiration. – Plant Biology 6(3): 242-253. 

[14] Kirschbaum, M. U. F., Farquhar, G. D. (1987): Investigation of the CO2 dependence of 

quantum yield and respiration in Eucalyptus pauciflora. – Plant Physiol 83(4): 1032-1036. 

[15] Kok, B. (1948): A critical consideration of the quantum yield of Chlorella-photosynthesis. 

– Junk, Amsterdam, The Netherlands 56. 

[16] Lai Fern, O. W., Whitehead, D., Walcroft, A. S., Turnbull, M. H. (2010): Seasonal 

variation in foliar carbon exchange in Pinus radiata and Populus deltoides: respiration 

acclimates fully to changes in temperature but photosynthesis does not. – Global Change 

Biol 16(1): 288-302. 

[17] Lawlor, D., Fock, H. (1977): Water stress induced changes in the amounts of some 

photosynthetic assimilation products and respiratory metabolites of sunflower leaves. – J 

Exp Bot 28(2): 329-337. 

[18] Linder, S. (1985): Potential and actual production in Australian forest stands. – Research 

for forest management: Proceedings of a conference organized by the Division of Forest 

Research, CSIRO, Landsberg. 

[19] Malhi, Y., Baldocchi, D., Jarvis, P. (2002): The carbon balance of tropical, temperate and 

boreal forests. – Plant Cell Environ 22(6): 715-740. 

[20] Manter, D. K., Kavanagh, K. L., Rose, C. L. (2005): Growth response of Douglas-fir 

seedlings to nitrogen fertilization: importance of Rubisco activation state and respiration 

rates. – Tree Physiol 25(8): 1015-1021. 

[21] Minocha, R., Stephanie, L., Bauer, G. A., Berntson, G. M., Magill, A. H., Aber, J., 

Bazzaz, F. A. (2001): Nitrogen Availability and Net Primary Production in Temperate 

Forests: The Role of Leaf Physiology, Foliage Turnover and Canopy Structure. – 

Available from http://abstracts.aspb.org/pb2001/public/P34/0093.html. 

[22] Nakaji, T., Fukami, M., Dokiya, Y., Izuta, T. (2001): Effects of high nitrogen load on 

growth, photosynthesis and nutrient status of Cryptomeria japonica and Pinus densiflora 

seedlings. – Trees-Struct Funct 15(8): 453-461. 

[23] Nakaji, T., Takenaga, S., Kuroha, M., Izuta, T. (2002): Photosynthetic response of Pinus 

densiflora seedlings to high nitrogen load. – Environmental Sciences 9(4): 269-282. 

[24] Plaxton, W. C., Podestá, F. E. (2006): The functional organization and control of plant 

respiration. – Crit Rev Plant Sci 25(2): 159-198. 

[25] Pons, T., Welschen, R. (2002): Overestimation of respiration rates in commercially 

available clamp-on leaf chambers. Complications with measurement of net 

photosynthesis. – Plant Cell Environ 25(10): 1367-1372. 

[26] Poorter, H., Remkes, C., Lambers, H. (1990): Carbon and nitrogen economy of 24 wild 

species differing in relative growth rate. – Plant Physiol 94(2): 621-627. 

http://abstracts.aspb.org/pb2001/public/P34/0093.html


Sun - Yao: Effect of nitrogen and soil water on leaf respiration of Pinus koraiensis and Tilia amurensis saplings in a temperate forest 

- 1074 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 21(2):1061-1074. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN1785 0037 (Online) 

DOI: http://dx.doi.org/10.15666/aeer/2102_10611074 

© 2023, ALÖKI Kft., Budapest, Hungary 

[27] Reich, P. B., Walters, M. B., Ellsworth, D. S., Vose, J. M., Volin, J. C., Gresham, C., 

Bowman, W. D. (1998): Relationships of leaf dark respiration to leaf nitrogen, specific 

leaf area and leaf life-span: a test across biomes and functional groups. – Oecologia 

114(4): 471-482. 

[28] Reich, P., Walters, M., Tjoelker, M., Vanderklein, D., Buschena, C. (2002): 

Photosynthesis and respiration rates depend on leaf and root morphology and nitrogen 

concentration in nine boreal tree species differing in relative growth rate. – Funct Ecol 

12(3): 395-405. 

[29] Ryan, M. G., Hubbard, R. M., Pongracic, S., Raison, R., McMurtrie, R. E. (1996): 

Foliage, fine-root, woody-tissue and stand respiration in Pinus radiata in relation to 

nitrogen status. – Tree Physiol 16(3): 333-343. 

[30] Scafaro, A. P., Fan, Y. Z., Posch, B. C., Garcia, A., Atkin, O. K. (2021): Response of leaf 

respiration to heatwaves. – Plant Cell Environ 44: 2090-2101. 

[31] Shapiro, J., Griffin, K., Lewis, J., Tissue, D. (2004): Response of Xanthium strumarium 

leaf respiration in the light to elevated CO2 concentration, nitrogen availability and 

temperature. – New Phytol 162(2): 377-386. 

[32] Souza, D. C., Jardine, K. J., Rodrigues, J. V. F. C., Gimenez, B. O., Rogers, A., 

McDowell, N., Walker, A. P., Higuchi, N., Sampaio-Filho, I. J., Chambers, J. (2021): 

Canopy position influences the degree of light suppression of leaf respiration in abundant 

tree genera in the Amazon forest. – Frontiers in Forests and Global Change 30: 723539. 

[33] Stockfors, J., Linder, S. (1998): Effect of nitrogen on the seasonal course of growth and 

maintenance respiration in stems of Norway spruce trees. – Tree Physiol 18(3): 155-166. 

[34] Sugiura, D., Tateno, M. (2011): Optimal leaf-to-root ratio and leaf nitrogen content 

determined by light and nitrogen availabilities. – PloS one 6(7): e22236. 

doi:10.1371/journal.pone.0022236. 

[35] Tcherkez, G., Atkin, O. K. (2021): Unravelling mechanisms and impacts of day 

respiration in plant leaves: an introduction to a Virtual Issue. – New Phytologist 230: 5-10. 

[36] Tombesi, S., Frioni, T., Grisafi, F., Sabbatini, P., Poni, S., Palliotti, A. (2022): The 

decrease of leaf dark respiration during water stress in related to leaf non-structural 

carbohydrate pool in Vitis vinifera L. – Plants 11: 36.1-36.13. 

[37] Valentini, R., Matteucci, G., Dolman, A. J., Schulze, E-D., Rebmann, C., Moors, E. J., 

Granier, A., Gross, P., Jensen, N. O., Pilegaard, K., Lindroth, A., Grelle, A., Bernhofer, 

C., Grünwald, T., Aubinet, M., Ceulemans, R., Kowalski, A. S., Vesala, T., Rannik, Ü., 

Berbigier, P., Loustau, D., Gudmundsson, J., Thorgeirsson, H., Ibrom, A., Morgenstern, 

K., Clement, R., Moncrieff, J., Montagnani, L., Minerbi, S., Jarvis, P. G. (2000): 

Respiration as the main determinant of carbon balance in European forests. – Nature 

404(6780): 861-865. 

[38] Wang, M., Shi, S., Lin, F., Hao, Z., Jiang, P., Dai, G. (2012): Effects of soil water and 

nitrogen on growth and photosynthetic response of manchurian ash (Fraxinus 

mandshurica) seedlings in northeastern China. – PloS one 7(2): e30754. 

Doi: 10.1371/journal.pone.0030754. 

[39] Warren, C. R., Dreyer, E., Adams, M. A. (2003): Photosynthesis-Rubisco relationships in 

foliage of Pinus sylvestris in response to nitrogen supply and the proposed role of 

Rubisco and amino acids as nitrogen stores. – Trees-Struct Funct 17(4): 359-366. 

[40] Yan, H., Hu, X., Li, F. (2012): Leaf photosynthesis, chlorophyll fluorescence, ion content 

and free amino acids in Caragana korshinskii Kom exposed to NaCl stress. – Acta Physiol 

Plant 34(6): 2285-2295. 


