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Effects of solar radiation on soil respiration of a maize ecosystem
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Abstract: Soil moisture and temperature are often regarded as main controlling factors of soil respiration. This paper
analyzed different responses of soil respiration to solar radiation during daytime and nighttime, based on the observing data
of soil respiration and its corresponding environmental factors in a maize ecosystem during growing seasons in 2004 and
2005. The results indicated that total solar radiation could enhance soil respiration. Solar radiation enhanced leaf
photosynthesis of maize ( Zea mays L. ) during daytime, which lead to more photosynthetic product being carried to roots so
as to promote soil respiration indirectly, and finally resulted in higher soil respiration rates during daytime than nighttime
under the same temperature. Thus, solar radiation could induce the change of the relationship between soil respiration and
soil temperature. There was significant exponential relationship between soil respiration rate and 5cm soil temperature during
nighttime,, but at late growth stage, the exponential relationship between soil respiration and soil temperature was not
obvious during daytime. During daytime, soil respiration enhanced with Scm soil temperature increasing, but to a certain
extent, soil respiration decreased with Scm soil temperature increasing. Total solar radiation had significant effect on soil
respiration at late growth stage ( September 7": R> =0.80, P <0.0001; September 29": R* =0.82, P <0.0001).
Further studies showed that aboveground biomass and leaf area index controlled the effects of soil temperature on soil
respiration of the maize ecosystem, and these could explain about 83.5% of the variation of the relationship between soil
temperature and soil respiration. The effects of solar radiation on soil respiration were different with the seasonal variations
of biomass and leaf area index (LAI). The increase of biomass could strengthen the indirect effects of solar radiation on soil

respiration, but with the increase of biomass and LAl increased to a certain level, leaves of the maize ecosystem would
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shelter solar radiation from inner maize canopy, and decreased the whole community photosynthesis, which could indirectly
reduce soil respiration. The increments of biomass were helpful to improve the indirect effects of solar radiation on soil
respiration rate. However, extremely high LAl could produce negative influence on soil respiration. This was one of the
main reasons that at late growth stage, total solar radiation had significant effect on soil respiration with LAI decreasing.

Diffuse radiation could penetrate more into inner canopy, which not only improved the whole community photosynthesis
and indirectly increased soil respiration, but also increased soil temperature and promoted soil microorganism activities,
thus resulted in the increase of soil heterotrophic respiration under lower canopy density (early and late growth stages) ,
therefore, effects of diffuse radiation on soil respiration were more than direct radiation did. But with the increase of LAI
(vigorous growth period) , because of high canopy density (high LAI) , sheltering almost influenced total radiation (direct
and diffuse radiation) , the penetration effect of diffuse radiation would be reduced. Because the effects of direct radiation
on leaf photosynthesis of canopy crown were more than diffuse radiation, and enhanced more of soil respiration indirect
effect, made the effect of direct radiation on soil respiration higher than that of diffuse radiation. At late growth stage, leaf
withered and yellow result in LAl decreasing, diffuse radiation enhanced soil respiration again.

In this paper, nonlinear regression equation was used to analyze the relationship between soil respiration rate and soil
temperature, solar radiation ( direct and diffuse radiation) , and linear regression equation apply to analyze the relationship

between the parameters of nonlinear regression and biomass or LAL

Key Words: soil respiration; solar radiation; diffuse radiation; soil temperature ; biological factors; maize( Zea mays L. )
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Fig. 1 Soil respiration rate of the maize farmland versus 5cm soil temperature during daytime and night time in 2004
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Table 1 Regressive parameters (a, b, correlation index (R?) ), significance test (P) and root mean squared error ( RMSE) of the equation fp

= ae’T*

SR H 3 [8] )9 75 F2 Regression equation
Observation dates a b R? P RMSE
2004-06-27 1.9512 0.0329 0.748 <0.0001 0.2952
2004-09-07 1.3108 0.0222 0.271 0.08 0.1185
2004-09-29 1.6191 0.0085 0.042 0.5 0.1047
2005-05-04 0.3905 0.0589 0.879 <0.0001 0.1121
2005-06-05 0.7420 0.0401 0.981 <0.0001 0.0302
2005-06-28 1. 8402 0.0272 0.751 <0.0001 0.2915
2005-07-28 1.9536 0.0337 0.646 0.001 0.3709
2005-08-28 1.3957 0.03601 0.610 0.005 0.2550
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Table 2 Regressive parameters (a, b, c, d, correlation index (R?)) and root mean squared error ( RMSE) of the equation f; =ae®” +cS +d

S A ] [B] )3 75 72 Regression equation
Observation dates a b ¢ d R? RMSE
2004-06-27 0. 0006 0.2567 0.0008 3.8671 0.962 0.1181
2004-09-07 9.4221 0.0015 0.0004 -7.9139 0.849 0.0530
2004-09-29 0.0408 —-0.0435 0. 0006 1.7054 0.816 0.0439
2005-05-04 0. 6406 0.0475 -0.0002 -0.2912 0.892 0.1049
2005-06-05 1.9945 0.0226 -4.9x10°° -1.4627 0.985 0.0274
2005-06-28 2.3698 0.0338 -0.0026 -1.0467 0.964 0.1187
2005-07-28 112.555 0.0019 -0.0023 -112.604 0.738 0.3280
2005-08-28 50. 4005 0.0034 -0.001 -51.1445 0.824 0.1692
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Table 3 Regressive parameters (a, b, c;, c,, d, correlation index (R?) ) and root mean squared error (RMSE) of the equation f, = f, +¢.Sy

+ ¢, 8, +d
LI Fsf o) [B] 5752 Regression equation

Observation dates a b 2 6 d R? RMSE
2004-06-27 0.0367 0.1174 4x1073 0.0023 3.6358 0.993 0. 0496
2004-09-07 8.5334 0. 004 0. 0006 0. 0003 —-17.4068 0.9 0.0380
2004-09-29 7.9873 0.0003 0.0011 3x107° -6.3543 0.954 0. 0229
2005-05-04 0.1721 0. 0820 -0.0011 -8x1073 0.5431 0.902 0.1
2005-06-05 8.858 0.0071 0.0002 -7x107° -8.5514 0.987 0. 0255
2005-06-28 2.2054 0.0355 -0.0023 -0.0026 -0.9015 0.964 0.1182
2005-07-28 202.298 0.0010 -0. 0005 -0.0020 -202.27 0.751 0.3201
2005-08-28 99. 8148 0.0019 —-0.0003 -0.0012 -101.09 0.830 0.1666
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