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Abstract: [Objective] By comparing the responses of respiration at different observation scales to

environmental factors, especially the similarities and differences in temperature and water responses, we
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aimed to understand the impact mechanism of multi-scale respiration and improve the simulation of cross
observation scale respiration models. [Method] This study selected a typical Artemisia ordosica community
in Yanchi, Ningxia of northwestern China as a research site, and conducted continuous observation of
Artemisia ordosica leaf, soil, and ecosystem respiration (i.e., R, R, and R.) characteristics from May to
October, 2022 using fixed plot measurement and in situ continuous monitoring. By fitting nonlinear and
linear equations to the relationship between respiration and temperature and moisture content, we can better
understand the seasonal dynamic characteristics of multi-scale respiration and its environmental influencing
factors. [Result] (1) The study found that during the observation period, the maximum value of R, was
5.96 umol/(m*'s), which occurred in July and was primarily regulated by temperature (R* = 63.5%) with a
temperature sensitivity (Q;y) of 1.48. The maximum values of both R, and R, occurred in August, at
2.94 umol/(m*-s) and 4.07 pmol/(m*'s), respectively, and their seasonal changes were regulated by moisture
(R* of 44.4% and 50.9%, respectively), with Q;, values of 1.23 and 1.08. (2) The explanatory power of
temperature moisture bivariate empirical model for R, R, and R, was limited compared with the univariate
model, with an average R* increase of 0.09, 0.05, and 0.02, respectively. (3) Water availability was the key
factor influencing whether the temperature sensitivity of different observation scale respiration tends to be
consistent. When soil moisture conditions were poor (relative extractable soil water, Wy < 0.4), there were
significant differences in the response of R|, R and R, to temperature, with O, values of 1.34, 0.63 and 0.84,
respectively; when the soil moisture conditions were sufficient (Wyg = 0.4), the response of R}, R and R, to
temperature tended to be consistent, with Q,, values = 1.8. [Conclusion] Our study emphasizes the
differences in the regulatory factors of seasonal changes in respiration at different observation scales, while
the bivariate model has a limited role in improving the accuracy of respiration simulation at different
observation scales. Fully considering the differences in observation scale and water conditions is the key to
accurately simulating respiration in arid or semiarid areas in the future.

Key words: Artemisia ordosica; ecosystems; leaf respiration; Mu Us Sandy Land; temperature sensitivity;
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Tab. 1 Univariate and bivariate models of leaf respiration
% Model Leaf”ie)jp ﬁ;ﬁfi del a b c d AIC R RMSE
Q1o R = abi~10/10 1.86 1.39 -155.51 0.54 0.60
Quadratic Ri=al?+ bl +c -0.002 0.25 -1.45 -172.03 0.59 0.57
Logistic Ry = al(1 + exp(b(c — T}))) 4.63 0.14 19.21 -174.61 0.60 0.56
Linear Ri=aW +b 432 3.19 —38.62 0.02 0.88
Exponential Ry = aexp(bW;() 3.20 1.22 —38.49 0.02 0.88
Quadratic Ry=aWg’ + bWy +c -110.80 19.22 2.78 -39.42 0.02 0.88
Logistic R, = al(1 + exp(b(c — Wyy))) 3.65 32.41 —-0.04 -39.02 0.02 0.88
Q1o power Ry = abT1=100/10 5 yy7, ¢ 3.08 1.49 0.21 -201.07 0.66 0.51
Logistic power Ry =al(1 +exp(b(c — T)) x Wyo! 9.87 0.10 23.43 0.19 -212.72 0.69 0.50
010 hyperbolic Ry = aT=10/10 5 (b4 cWyo +d/ Who) 1.48 1.88 1.59 -0.01 —200.26 0.66 0.52

T a by MR ZH; R E R 8G RMSE #7225 AIC. /R HIM5 8

HED s T TS s 0,10 om L3 & /K B A5 s Ry.P 7 PRI

2, T[H. Notes: a, b, ¢ and d are the model regression parameters; R?, coefficient of determination; RMSE, root mean square error; AIC, Akaike’s
information guidelines; T, leaf surface temperature; ¥, average value of soil moisture content at 10 cm; R, leaf respiration rate. Same as below.
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Tab. 2 Univariate and bivariate models of soil respiration

B Model Soilj:eii?iﬁ?fodel a b ¢ d AlC 3 RMSE
O Ry=ab®~ 1m0 1.24 1.10 -197.07 0.02 0.52
Quadratic Ry=aTi +bT +c -0.004 0.17 -0.39 —-206.16 0.07 0.51
Logistic Ry=al(1 + exp(b(c — T}))) 1.45 0.31 8.36 —203.49 0.06 0.51
Linear Ry=aWy+b 12.88 0.68 -284.21 0.44 0.39
Exponential R, = aexp(bW () 0.89 7.79 —274.95 0.41 0.40
Quadratic Ry=aW*+ bWy +c —234.80 44.44 -0.17 -304.96 0.51 0.37
Logistic Ry =al(1+exp(b x (c — Wyp))) 1.93 62.51 0.03 -303.53 0.51 0.37
0, power Ry=ab™ ™10 5.60 1.15 0.53 ~298.28 0.50 0.37
Logistic power Ry=al(1 + exp(b(c=Ty))) x W' 8.02 0.07 0.59 0.52 -298.36 0.50 0.37
0, hyperbolic Ry=a™ 10X (b + cWyg + d/W) 1.17 2.24 ~2.40 —0.04 -313.64 0.55 0.36

VE: T 3R R IR . N [H. Notes: T, soil temperature, R, soil respiration rate. Same as below.
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Tab. 3 Univariate and bivariate models of ecosystem respiration
7 Model Ecosifjﬁgizﬁﬁo del a b c d AIC R RMSE
O R, = abTanign=10)/10 1.90 1.17 -4328  0.03 0.86
Quadratic Re=aT, nigh’ +bT, nigh + ¢ -0.01 0.19 0.52 —48.56 0.06 0.85
Logistic R, =al(1 +exp(b(c — T, nigh)) 2.17 0.80 6.15 -54.00  0.10 0.84
Linear R.=aWy+b 2297 0.82 -147.31 0.51 0.61
Exponential R, = aexp(bWy,) 1.23 9.09 —134.68 0.47 0.64
Quadratic R.=aWy’ + bWy +c —381.80 74.29 -0.57 -169.90 0.58 0.57
Logistic R, = a/(1 + exp(b(c — Wi())) 2.95 80.06 0.03 -172.76 0.58 0.57
01 power R, = abTarniga=10/10 7 . 12.29 1.03 0.61 -152.79  0.53 0.60
Logistic power R, =a/(1+exp(b x (¢ = Ty nignd)))Wio" 11.79 0.64 4.08 0.58 -162.24 0.56 0.58
0, hyperbolic R, = aTanigh=10/10 s p 4 o+ d/W ) 1.05 421 —4.69 -0.09 -172.71 0.59 0.57
T Ty g B SR s RS RGIFRHEZ . R [Al. Notes: T, yign, night air temperature; R,., ecosystem respiration rate. Same as below.
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Seasonal dynamic changes of environmental factors
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