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Soil autotrophic respiration and heterotrophic respiration models for winter

wheat-summer maize rotation cropland in the North China Plain
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Abstract: Soil respiration is an important process of carbon cycle in terrestrial ecosystem. Accurate estimation of soil
respiration is of great significance for estimating terrestrial carbon sinks and carbon sources. The semi-mechanistic models of
soil heterotrophic respiration and soil autotrophic respiration were developed for the winter wheat-summer maize rotation
cropland through in situ observations of soil respiration and its components in a typical cropland in the North China Plain.
The results showed that the soil heterotrophic respiration model for the winter wheat-summer maize cropland could be
expressed by a function of soil temperature and soil moisture. In the soil heterotrophic respiration model, the effect of soil
temperature on soil heterotrophic respiration was described by the Arrhenius equation, and the effect of soil moisture on soil

heterotrophic respiration was described by the quadratic equation of symmetric inverted parabola appropriately. Based on the
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validation by the filed observation, the values of R> and RMSE for the soil heterotrophic respiration model were 0.68 and
0.52 pmol m™ s™', respectively. The soil autotrophic respiration model consisted of two modules; the maintenance
respiration module and the growth respiration module. In the maintenance respiration module, maintenance respiration was
expressed by a function of soil temperature and leaf area index; in this function, the effect of soil temperature was described
by the Van't Hoff exponential equation, and the effect of leaf area index was described by the Michaelis—Menten equation.
In the growth respiration module, growth respiration was expressed by a linear function of the difference between gross
primary production and maintenance respiration. The structures of soil autotrophic respiration models were the same for
winter wheat and summer maize while the parameters for the soil autotrophic respiration models were quite different between
the two crops. Based on the validation by the filed observation, the values of R* and RMSE for the soil autotrophic
respiration model of winter wheat were 0.64 and 0.50 wmol m™ s™" | respectively; and the values of R* and RMSE for the
soil autotrophic respiration model of summer maize were 0.67 and 0.37 umol m™s™', respectively. This study demonstrated
that developing soil heterotrophic respiration model and soil autotrophic respiration model separately could more accurately
simulate the seasonal and interannual variations of soil respiration compared with using total soil respiration model. The soil
heterotrophic respiration model and soil autotrophic respiration model developed in this study can provide a method for better

estimating soil respiration in the winter wheat-summer maize rotation cropland ecosystem in the North China Plain.

Key Words: soil heterotrophic respiration; soil autotrophic respiration; semi-mechanistic model; winter wheat-summer

maize; North China Plain
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Table 1 List of the soil heterotrophic respiration models
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Table 2 List of the soil autotrophic respiration models
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Table 3 List of the total soil respiration models
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Table 4 The validation of the soil heterotrophic respiration models for winter wheat-summer maize cropland

LA Gt L)
Mj;j:l:numjber ﬁcojl;l K P ( I—'«ml:IMYTSlE/S?] ) Al
1 R, =4.79¢"%7(2.579-4.836%) 0.64 0.000 0.56 -26.27
2 R, =51.12*%7(0-0,,,) (0,5, =0) "® 0.59 0.000 0.61 -23.23
3 R, :4.32e‘6°-°7<ﬁ-ﬁ(,> (4.956-9.456) 0.68 0.000 0.52 -31.40
4 R, =97.79¢15 5 G770 (9-6,.,.) (6,0, ~6) " 0.65 0.000 0.56 -29.23

R* . Bz RN & R BT The square of the Pearson correlation coefficient; RMSE : ¥ 5 #5222 Root mean square error; AIC ; 75 b {5 B, 1E ]

Akaike information criterion
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Fig.1 Comparison of the observation and simulated soil heterotrophic respiration by model 3 in winter wheat-summer maize cropland
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Table 5 The validation of the soil autotrophic respiration models in winter wheat season

Homg o RMSE/

2 P AIC
Model number Model R (pmol m™2s71)
7-10
R, =0.19x0.66 10 NPPsR10
1 R,=0.08(GPP-R,, ) 0.56 0.001 0.55 -19.55

R, _wheat=R, +R,
7-10
R, =0.17x0.75710 GPPsR10
2 R, =0.06 (GPP-R,,) 0.58 0.000 0.54 -20.51
R, _wheat =R, +R,
7-10
R, =0.32x0.79710 LAIsR10
3 Rg=0.09(GPP—Rm) 0.61 0.000 0.53 -21.89
R, _wheat =R, +Rg

T-10 LAI
R, =4.98%x1.05"10"

—sRI10
LAI+11.29
4 R,=0.07(GPP-R,, ) 0.64 0.000 0.50 -22.66
R, _wheat =R, +RH
T-10 LAI
R, =16.48%0.76 10
LAI+37.53
5 R,=0.05(GPP-R,,) 0.60 0.000 0.58 -14.93
R, _wheat =R +R,
1 1 LAI
_ 85.89(——————)
R,=4.37¢ T, Ty T-T, LAI+7.7SSR10
6 0.61 0.000 0.51 -21.03

R,=0.06(GPP-R,)
R, _wheat =R, +R,

R,,]),V'Vheat:g/]\ié:ttﬁ H F= P Soil autotrophic respiration of winter wheat
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JIH AT TR A5 I F 50, A 4 FVERY 5 AR 1L, SR i i 2 [ BOE 266 RE T 1Y T RERES i
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T ) 255 28 Ak Y0 BB 3 18 0.47—2.56 umol m™> ™' F10.11—2.81 pmol m ™ s™',
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Fig.2 Comparison of the observation and simulated soil autotrophic respiration by model 4 in winter wheat season
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Table 6 The validation of the soil autotrophic respiration models in summer maize season
B g B 2 » RMSE/ AlC
Model number Model (pmol m™2 s7!)
7-10
R, =0.16x0.68710 NPPsR10
1 Rg=0.13(GPP—Rm) 0.38 0.168 0.61 -0.02

R

w—maize =R, +R,
T-10
R, =0.79x0.42710 GPPsR10
2 R,=0.001 (GPP-R,) 0.49 0.113 0.51 -3.05
R, _maize =R, +Rg
T-10
R, =0.37x1.22710 LAIsR10
3 R, =0.05(GPP-R,,) 0.53 0.089 0.50 -3.47

R, _maize =R +R,

R, =1.76 098w LAIL R10
=1.76x%0. ————=
" " LAI+0.16"
4 R, =0.05(GPP-R,) 0.67 0.029 0.37 —-6.46
R, _maize =R, +R,
7-10 LAI
R,=0.72x1.98"10 ————
LAI+1.02
5 Rg=0.02(CPP—Rm) 0.65 0.045 0.39 -5.65
R, _maize=R, +R,
1 1 LAI
_ 124.92(7—————)
R, =1.24e T Ty T-Tg LAI+0.585R10
6 0.52 0.060 0.46 -2.50

R,=0.05 (GPP-R,)
R,
R, _maize: HE K2+ 1 [ IR Soil autotrophic respiration of summer maize

_maize=R,, +Rg

3.3 KUNE-H KRR H A B ST AR A

AR 1—7 (R 7) B8 5 1) R*fiem; \RMSE S5l ALC S5/, PRI R BRI 5 A S A 3 i i) die fE 1 458
SFIRRIRL (K 4)  FEZETARAR L - ST AR DL 5 S R R — SO U 2 AR AR, AR AT A Ay
AR A /N A ZE R K 2R L I I ) e KA IR /IMEL (T8 4) o 2e/INAZ 2 b S I R S I {1 A 400 £ 7y 24
ARG 7 9 1.30—6.69 umol m™* s 1 1.98—5.88 mol m™> s~ , B K Z= S2i{E FIAS I (19 2= 5 28 Ak 7
351 R 2.07—8.07 pmol m™> s™' Al 2.07—6.69 pmol m™ s,
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Fig.3 Comparison of the observation and simulated soil autotrophic respiration by model 4 in summer maize season
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Table 7 The validation of the total soil respiration models for winter wheat-summer maize cropland

TR 245 A RMSE/

2 P AlIC
Model number Model k (pmol m2s71)
1 R, =74.93¢"%7(9-6,,.)(0,..-0)"" 0.44 0.002 1.11 13.64
2 R, =5.83¢"%7(3.279-5.756") 0.44 0.001 1.08 14.46
3 R, =(5.46+1.06LAT) "% 0.43 0.002 1.22 19.98
1 1
4 R, = (6.41+0.35GPP) ™77 777, (3.256-5.996% ) 0.66 0.000 0.85 1.39
1 1
5 R, = (5.07+1.23LAI) %77 777 (3.526-6.696% ) 0.74 0.000 0.73 ~7.89
R, = (94.26+17.91LAI) &'>3(7 7 = ‘ﬁ)(o—o n)
6 : ’ ) i wl770 7700 0.65 0.000 0.86 -0.05
(Gmax_o) 1.03
7 R, = (5.66+1.44LAT) *%7(2.200-4.176%) 0.71 0.001 0.81 -3.06
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Fig.4 Comparison of the observation and simulated soil respiration by model 5 for winter wheat-summer maize cropland
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Table 8 The simulated maximum of soil respiration and its corresponding date during 2009—2010

KNEF HEKZE
AT vE Winter wheat season Summer maize season
Modeling 2009 4E IR AR fH CONHIETAEE Y 2010 4Fd R BB A 2010 4EIRKAH CONHIETAEE !
method Maximum in 2009/  Corresponding date ~ Maximum in 2010/ Corresponding date ~ Maximum in 2010/ Corresponding date
(pmol m™2 s71) of maximum (pmol m™2s71) of maximum (pwmol m™2 s71) of maximum
Rsl 5.58 5H2H 5.88 5H3H 6.69 8H16 H
Rs2 6.05 SH8H 6.04 5SH4H 5.76 8 H28 H

Rsl; [ FRIFIR 5 5 32 0E 0 43 AR SR A Sum of soil autotrophic respiration and soil heterotrophic respiration model; Rs2 ; 3 S 0 45 Total

soil respiration model

3.5 PRI PR AR R ZE AR (L

FEFPRZZAEE Rel Al Rs2 BHI 1 S0PIRZ AR (A5 3.67 pmol m > s F13.35 wmol mZs™! ,Rs2
FC Rs1 IR 109, WAR 5 RAL LA - S0 I i (EL#R 1 BRTE 2010 45 (181 7) , 7354 4.38 pmol m™ ™' 1 4.24
pmol m™ s™" ; FIFENF IS/ MEHR 1 UAE 2012 48, 735324 2.96 umol m™ s #12.56 wmol m™ s™', Rs1 il Rs2 4
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Fig.7 Interannual variation of simulated soil respiration from 2005 to 2020
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