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1. Research Background and Objectives
Stem respiration is directly dependent on change in temperature – the most significant environmental parameter in regulating stem respiration – and is key for estimating carbon budgets in response to climate change, and validating ecosystem productivity models and land surface models on local and region scales (Paembonan et al., 1991; Ryan et al., 1995; Lavigne, 1996; Lavigne and Ryan, 1997; Xu et al., 2000; Vose and Ryan, 2002; Zha et al., 2004; Harris et al., 2008; Rossi et al., 2011; Lugo et al., 2012). Hence, measurement of stem respiration is important for improving our understanding of ecosystem carbon cycling and budget, which influences the carbon and energy balance in the ecosystem and contributes to feedbacks driving future climate change (Xu et al., 2000). 
Black spruce communities, a dominant (39-44 %) stand in the interior boreal forest, are widely distributed across interior Alaska and are underlain by discontinuous permafrost (Barney and Stocks, 1983; Viereck et al., 1992). Alaska black spruce communities typically occur at cold, poorly drained, nutrient-poor sites with a shallow permafrost layer; hence, productivity is typically low (Viereck et al., 1992). 
The research issues above are partially addressed by continuously monitoring the stem respiration rate of only a few black spruce trees (Picea mariana) in interior Alaska with an FD chamber system but required an expanded observational network. The objectives of this proposed study are to 1) determine the response by stem respiration from differently aged black spruce trees to temperatures; 2) examine intra-annual changes in stem respiration rate, simulated by Q10 value based on air temperature; and 3) evaluate the contribution from stem respiration rate to Re (ecosystem respiration; gCO2 m-2 d-1), estimated from eddy covariance tower observations in a black spruce forest, Interior Alaska.
2. Research Site and Methodology
1) Research Site: The research sites are located in west ridge of the University of Alaska Fairbanks (UAF) campus. The sites represent typical boreal black spruce forest (Picea mariana), with mean height of 6.6 m within a 60 × 60 m plot at the west ridge site. Black spruce density is 3290 tree ha-1, according to a forest census survey that measured bottom diameter (Do) and DBH (diameter at breast height: 1.3 m high) of black spruce trees. Within the surveyed plot, 1183 trees were alive and 43 were dead. Average Do and DBH were 6.6 ± 3.2 cm and 4.6 ± 2.5 cm, respectively (Kim et al., 2021). Ueyama et al. (2014) reported ages ranging from 35 to 120 years old at a neighboring site, based on a tree-ring investigation. 
2) Cold-tolerant FD CO2 chamber: The different-aged black spruce trees are monitored on the surface stem at the DBH with a forced diffusion (FD) chamber system. The FD chamber system used in this study (Eosense Inc., Canada) was described in Kim et al. (2016) in detail. The FD system is powered with an ADC convertor from a 115 V AC power supply. Before deploying the FD chamber, the chamber collar (PVC tube: 8.0-cm ID; 9.0-cm OD, 5.0-cm length) is mounted on the surface stem at DBH with a commercial construction adhesive. After the collar is fixed for a week, the FD chamber body is mounted on the surface stem (active area: 47.8 cm2) of the black spruce using an attached mounting ring.
4) Simulated stem respiration of black spruce: Using the FD chamber to assess the effect of temperature sensitivity on stem respiration, the relationship is plotted, indicating exponential curves on air temperature at 3 m above the surface and stem temperature: SR = β0 e β1×T, where SR is the measured stem respiration (μmol m2 s-1), T is temperature (°C), and β0 and β1 are constants (Kim et al., 2016). An exponential relationship is commonly used to represent carbon flux as a function of temperature (Davidson et al., 1998; Lavigne and Ryan, 1997; Xu et al., 2000; Kim et al., 2014; 2016; 2021). The Q10 temperature coefficient values (Q10 = e β1×10) are calculated as in Davidson et al. (1998) and Kim et al. (2016; 2021), based on the Van ’t Hoff empirical rule that a rate increase on the order of two to three times occurs for every 10 °C rise in temperature (Lloyd and Taylor, 1994). Simulated stem respiration is estimated as in the equation Ri = R10 × Q10[(T-10)/10]; where Ri is the simulated stem respiration (µmol m-2 s-1), T is air or stem temperatures (°C), and R10 is stem respiration normalized to air temperature of 10 °C (Kim et al., 2016). 
3. Research Results
1) Variations in environmental factor: Year-round stem respiration measurements using FD chamber systems will be used to investigate the temporal variations in stem respirations and temperatures (Figure 1) in air and stem in response to current climate changes and episodic weather events at representative pilot sites in the boreal black spruce forest (West Ridge within UAF campus). Stem temperature is expected to be slightly higher than air temperature due to the high heat capacity of the stem material. Previous work suggests that stem temperature is about 1.26 °C higher than the air temperature, and that air temperature captures 99 % of the variability in stem temperature (Figure 2). According to the previous results (Kim et al., 2021), stem temperatures similarly ranged from -1.17 to 22.0 °C in the growing season for growth and maintenance stem respiration, and -40.5 to 0.55 °C in the non-growing season for maintenance stem respiration. [image: ]
Figure 2. Relationship between stem temperature and air temperature, indicating a good correlation (R2 > 0.99). 
[image: ]

Figure 1. Temperatures in air and stem during 2019 - 2021 (project period). Yellow shades denote winter seasons.

2) Seasonal variation in stem respiration: Stem respiration of black spruce during the growing season is expected to be more than one order of magnitude higher relative to the non-growing season (Damesin et al., 2002; Shibistova et al., 2002; Zha et al., 2004; Acosta et al., 2008), for the wide ranges of age classes and environments (Maier, 2001). Seasonal variations in daily mean stem respiration and air and stem temperatures appear to synchronize with time (Figure 3). During the growing season, a small variation of temperatures leads to large fluctuation in stem respiration; on the other hand, there is little response to winter temperature. Stem respiration is small with little variation (< 0.05 µmol m-2 s-1) when the temperature is below 0°C. However, during the early and end of the non-growing season, small peaks in daily stem respiration occurred in response to slight rises of temperature (Stockfors, 2000; Lavigne et al., 2004; Kim et al., 2021). [image: ]

Figure 3. Seasonal variations in stem respiration (black), and temperatures in air (orange) and stem (dashed black) during 2019-2022. Yellow shades denote winter seasons.

The period of cambial dormancy in black spruce species consists of two stages: rest and quiescence (Little and Bonga, 1974; Lavigne et al., 2004) under less than 0.05 µmol m-2 s-1 of hourly stem respiration. Hence, hourly year-round measurements of stem respiration will enable us to explicitly observe the cambial characteristics during the start and end periods of xylem/phloem production in widely distributed black spruce of interior Alaska.
3) Temperature Dependency of Stem Respiration: The responses from stem respirations by different aged black spruce trees to temperatures of air and stem will represent an exponential curve (Figure 4). This depicts the temperature sensitivity of stem respiration and implies that temperature is a most significant driver in modulating stem respiration (Lavigne, 1996; Lavigne and Ryan, 1997; Zha et al., 2004; Harris et al., 2008; Kim et al., 2014; 2021). [image: ]
Figure 4. Relationship between stem respiration and temperatures in air (circles) and stem (squares), indicating exponential correlations. 

The Q10 values on temperature in air and stem were 1.94 and 1.93 during July 2019 to August 2022. The pattern of Q10 values for the different aged trees tended to increase from stem temperature to air temperature, suggesting the response in stem respiration to air temperature is quite sensitive to stem temperature (Lavigne, 1996; Lavigne and Ryan, 1997; Bolstad et al., 2004; Zha et al., 2004; Harris et al., 2008; Kim et al., 2021). Q10 values (air temperature) during the growing season ranged from 2.04 to 2.76, compared to 1.2 ‑ 3.5 in the Picea, Populus, and Pinus species for air and stem temperature during growing seasons (Lavigne, 1996; Lavigne and Ryan, 1997; Bolstad et al., 2004; Zha et al., 2004; Harris et al., 2008).
4) Simulated Stem Respiration (SSR): This study can estimate the simulated respirations (Ri), normalized to an air temperature of 10 °C (R10), as well as Q10 values using equations for mean stem respiration of the target tree (Figure 5). The relationship between simulated (SSR) and mean observed stem respiration (OSR) will denote a positively linear relationships of air (R2 = 0.86) and stem (R2 = 0.88). Simulated stem respiration (SSR) can elucidate the variability in observed stem respiration (OSR) for targeted black spruce. Zha et al. (2004) reported the coefficient of determination (R2) between SSR and OSR was 0.75 to 0.83 for three Scots pines. The simulated stem respiration can be applied to the other stands (e.g., white spruce and deciduous stands) for the assessment of ecosystem carbon budget across Alaska. [image: ]

Figure 4. Seasonal variations in observed stem respiration (black), temperatures in air (pale orange) and stem (dashed black), and simulated stem respirations on temperatures in air (thin orange) and stem (green) during 2019-20212. Yellow shades denote winter seasons.




4. References

Acosta et al., 2008. Seasonal variation in CO2 efflux of stems and branches of Norway spruce tress. Annal. Bot., 101, 469-477. 
Barney, R. J. and Stocks, B. J., 1983. Fire frequencies during the suppression period. In: Wein, Ross W., MacLean, David A. (eds). The role of fire in northern circumpolar ecosystems. New York: John Wiley & Sons, pp 45-61.
Bolstad et al.,  2004. Component and whole-system respiration fluxes in northern deciduous forests. Tree Physiol., 24, 493-504.
Damesin et al., 2002.  Stem and branch respiration of beech: from tree measurements to estimations at the stand level. New Phytol., 153,  159– 172.
Davidson et al., 1998. Soil water content and temperature as independent or confounded factors controlling soil respiration in a temperate mixed hardwood forest. Global Change Biol. 4, 217-227.
Harris et al., A.E., 2008. Estimates of species- and ecosystem-level respiration of woody stems along an elevational gradient in the Luquillo Mountains, Puerto Rico. Ecol. Modelling, 216, 253-264. 
Kim et al., 2014. Carbon exchange rate in Polytrichum juniperinum moss of burned black spruce forest in interior Alaska. Polar Science 8:146-155.
Kim et al., 2016. Continuous measurement of soil carbon efflux with Forced Diffusion (FD) chamber technique in a tundra ecosystem of Alaska, Sci. Total Environ., 566-567, 175-184.
Kim et al., 2021. Characteristics of stem respiration in black spruce (Picea mariana) stand, interior Alaska, Polar Science 29: https://doi.org/10.1016/j.polar.2021.100693.
Lavigne, M.B., 1996. Comparing stem respiration and growth of jack pine provenances from northern and southern locations. Tree Physiol., 16, 847-852. 
Lavigne, M.B. and Ryan, M.G., 1997. Growth and maintenance respiration rates of aspen, black spruce, jack pine stems at northern and southern BOREAS sites. Tree Physiol., 17, 543-551.
Lavigne et al., 2004. Changes in stem respiration rate during cambial reactivation can be used to refine estimates of growth and maintenance respiration. New Phytol., 162, 81-93. 
Little, C.H.A. and Bonga, J.M., 1974. Rest in the cambium of Abies balsamea. Can. J. Bot.  52, 1723-1730.
Lloyd, J. and Taylor, J.A., 1994. On the temperature dependence of soil respiration. Funct. Ecol., 8, 315-323.
Lugo et al., 2012. Duration of xylogenesis in black spruce lengthened between 1950 and 2010. Ann. Bot., 110, 1099-1108.
Maier, C.A., 2001. Stem growth and respiration in loblolly pine plantation differing in soil resource availability. Tree Physiol. 21, 1183-1193.
Paembonan et al., 1991. Long-term measurement of CO2 release from the aboveground parts of a hinoki forest tree in relation to air temperature. Tree Physiol., 10, 101-110.
Rossi et al., 2011. Predicting xylem phenology in black spruce under climate warming. Global Change Biol., 17, 614-625.
Ryan et al.,1995. Woody tissue maintenance respiration of four conifers in contrasting climate. Oecologia, 101, 133-140.  
Shibistova et al., 2002. Annual ecosystem respiration budget for a Pinus sylvestris stand in central Siberia. Tellus, 54AB, 568-589.
Stockfors, J., 2000. Temperature variations and distribution of living cells within tree stem: implications for stem respiration modeling and scale-up. Tree Physiol. 20, 1057-1062.
Ueyama et al., 2014. Autumn warming reduces the CO2 sink of a black spruce forest in interior Alaska based on a nine-year eddy covariance measurement. Global Change Biol., 20, 1161–1173. http://dx.doi.org/10.1111/gcb.12434.
Viereck et al., 1992. The Alaska Vegetation Classification. Gen. Tech. Rep. PNW-GWR-286, pp. 278, Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station.
Vose, J.M. and Ryan, M.G., 2002. Seasonal respiration of foliage, fine roots and woody tissues in relation to growth, tissue N, and photosynthesis. Global Change Biol., 8, 155-166.
Xu et al., 2000. A simple technique to measure stem respiration using a horizontally oriented soil chamber. Can. J. For. Res. 30, 1555-1560.
Zha et al., 2004. Seasonal and annual stem respiration of Scots pine trees under boreal condition. Annal. Botany 94, 889-896.


4

image4.emf



0.0 



0.2 



0.4 



0.6 



0.8 



1.0 



-40 -30 -20 -10 0 10 20 30 



S
te



m
 r



es
p 



(µ
m



ol
 m



-2
 s



-1
) 



Temperature (°C) 



Air T 
Stem T 










0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

-40  -30  -20  -10  0  10  20  30 

S

t

e

m

 

r

e

s

p

 

(

µ

m

o

l

 

m

-

2

 

s

-

1

)

 

Temperature (°C) 

Air T 

Stem T 


image5.emf



-40 



-30 



-20 



-10 



0 



10 



20 



30 



0.0 



0.2 



0.4 



0.6 



0.8 



1.0 



1.2 



1.4 



Oct-19 Jan-20 Apr-20 Jul-20 Oct-20 Jan-21 Apr-21 Jul-21 Oct-21 Jan-22 



Te
m



pe
ra



tu
re



 (°
C



) 



St
em



 C
O



2 f
lu



x 
(µ



m
ol



 m
-2



 s
-1



) 



Date (2019~2021) 



Flux_FD Sim_AT Sim_ST Air T Stem T 










-40 

-30

 

-20 

-10

 

0 

10 

20 

30 

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

Oct-19  Jan-20  Apr-20  Jul-20  Oct-20  Jan-21  Apr-21  Jul-21  Oct-21  Jan-22 

T

e

m

p

e

r

a

t

u

r

e

 

(

°

C

)

 

S

t

e

m

 

C

O

2

 

f

l

u

x

 

(

µ

m

o

l

 

m

-

2

 

s

-

1

)

 

Date (2019~2021) 

Flux_FD  Sim_AT  Sim_ST  Air T  Stem T 


image1.emf



y = 1.0465x + 1.2554 
R² = 0.99597 



-40 



-30 



-20 



-10 



0 



10 



20 



30 



-40 -30 -20 -10 0 10 20 30 



St
em



 te
m



pe
ra



tu
re



 (°
C



) 



Air temperature (°C) 










y = 1.0465x + 1.2554 

R² = 0.99597 

-40 

-30 

-20 

-10 

0 

10 

20 

30 

-40  -30  -20  -10  0  10  20  30 

S

t

e

m

 

t

e

m

p

e

r

a

t

u

r

e

 

(

°

C

)

 

Air temperature (°C) 


image2.emf



-40 



-30 



-20 



-10 



0 



10 



20 



30 



Jun-19 Sep-19 Dec-19 Mar-20 Jun-20 Sep-20 Dec-20 Mar-21 Jun-21 Sep-21 Dec-21 



Te
m



pe
ra



tu
re



 (°
C



) 



Date (2019 - 2021) 



Air T 
Stem T_R 
Stem T_L 










-40 

-30 

-20 

-10 

0 

10 

20 

30 

Jun-19  Sep-19  Dec-19  Mar-20  Jun-20  Sep-20  Dec-20  Mar-21  Jun-21  Sep-21  Dec-21

 

T

e

m

p

e

r

a

t

u

r

e

 

(

°

C

)

 

Date (2019 - 2021) 

Air T 

Stem T_R 

Stem T_L 


image3.emf



-40 



-30 



-20 



-10 



0 



10 



20 



30 



0.0 



0.2 



0.4 



0.6 



0.8 



1.0 



1.2 



1.4 



Sep-19 Jan-20 May-20 Sep-20 Jan-21 May-21 Sep-21 Jan-22 May-22 Sep-22 



Te
m



pe
ra



tu
re



 (°
C



) 



S
te



m
 r



es
pi



ra
tio



n 
(µ



m
ol



 m
-2



 s
-1



) 



Date (2019~2022) 



Flux_FD Air T Stem T 










-40 

-30 

-20 

-10 

0 

10 

20 

30 

0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

1.2 

1.4 

Sep-19  Jan-20  May-20  Sep-20  Jan-21  May-21  Sep-21  Jan-22  May-22  Sep-22 

T

e

m

p

e

r

a

t

u

r

e

 

(

°

C

)

 

S

t

e

m

 

r

e

s

p

i

r

a

t

i

o

n

 

(

µ

m

o

l

 

m

-

2

 

s

-

1

)

 

Date (2019~2022) 

Flux_FD  Air T  Stem T 


