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Response of soil respiration and its components to different rainfall patterns in
riparian poplar plantations

Li Yan' XuHang'? Wu Xiaoyun' Zhang Zhigiang'?
(1. School of Soil and Water Conservation, Beijing Forestry University, Beijing 100083, China;
2. Jixian National Forest Ecosystem Observation and Research Station, CNERN, Beijing 100083, China)

Abstract: [Objective] This paper aims to determine the differences in the response of soil respiration and
its components under different rainfall patterns and their causes, so as to provide theoretical guidance for
accurate prediction and modeling of the process of soil carbon cycle and terrestrial carbon sink capacity in
the context of global change. [Method] In this research, conducted from 2018 to 2019, we continuously
monitored soil respiration, including both autotrophic and heterotrophic respiration. We used K-means
clustering to classify rainfall patterns, investigating the effects of natural rainfall on environmental variables
and the rate of soil respiration. [Result] (1) The total soil respiration rate decreased by 41.6%, 36.3%, and
45.8%, respectively under the intensity of light rainfall over a long duration, light rainfall with a moderate

duration and heavy rainfall with a short duration, and the heterotrophic respiration rate decreased by 60.5%,
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41.2%, and 85.1%, respectively; the autotrophic respiration rate decreased by 11.7% and 30.0% under light

rainfall with a long duration and light rainfall with a moderate duration, respectively, and increased by

72.5% under heavy rainfall with a short duration. (2) Heterotrophic respiration responded more quickly to

rainfall and changed more dramatically after rain. (3) Rainfall events affected respiration rates by changing

soil moisture, and soil temperature did not change significantly before or after rainfall. [Conclusion] With

the increase in rainfall intensity or the extension of rainfall duration, the inhibitory effects on soil respiration

and heterotrophic respiration become more significant. Compared with autotrophic respiration, heterotrophic

respiration is more sensitive to rainfall. Rainfall mainly influences soil respiration by altering heterotrophic

respiration.

Key words: soil respiration; autotrophic respiration; heterotrophic respiration; rainfall pattern; temperature
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Fig. 2 Results of field rainfall clustering analysis
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Daily rainfall, soil moisture and soil temperature statistics in 2018 and 2019 (May to October)
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Tab. 1 Rainfall characteristics of different rainfall types
R R FFIFAZ & Characteristic variable
B g 2820 giita BK L
Rainy type Statistical value 52 R 5 JE [& 7 B I Frequency Proportion/%
Rainfall intensity/(mm-h™") Rainfall duration/h
KBy N YJ{H Average 0.96 20.17
) ) . 6 14.28
Light rainfall over a long duration i Fil Range 020~2.78 17 ~25
o i /N YJ{H Average 1.36 11.25
Light rainfall with a moderate duration Jii[# Range 0.13 ~ 4.06 8~15 8 19.05
5 N {8 Average 1.28 2.61
Light rainfall with a short duration J5 [ Range 0.20 ~ 3.54 1~5 21 30.00
55 i AT Mt Average 7.81 4.43
Heavy rainfall with a short duration Jii[# Range 528 ~12.67 2~9 7 16.67
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Tab.2 Changes in soil respiration and its

components under different rainfall patterns

Wik g 228 BRSrE ek 9 i Fée- g A ) Fée 9
Rainy type Respiration rate Pre-rainfall During the rainfall Post-rainfall
R 562+1.00a 3.19+0.32b 4.62+1.33ab
K. 0 NN
#}ﬁﬂj‘ﬁj\m . Ry 3.65£0.79a 1.44£0.50b 272+0.76 a
Light rainfall over a long duration
R, 1.97+038a 1.74+0.22a 1.94+0.59a
R 534+132a 340+0.83a 4.96+0.90 a
LN Ry 2.96+0.56a 1.74+032b 2.68+0.62 ab
Light rainfall with a moderate duration
R, 237+0.77a 1.66 +0.52 a 228+030a
) R 376 +0.80 a 3.61+043a 3.64+0.53a
RLPIREANRY . Ry 267+1.11a 2.52+0.63a 2.63+£037a
Light rainfall with a short duration
R, 1.09+0.40 a 1.08+0.35a 1.00+0.35a
Ry 4.03+1.36 ab 2.03+1.41b 4.46+1.04a
JPIRSRR ' R, 316+ 151a 047+0.17b 2.61£0.68a
Heavy rainfall with a short duration
R, 091+0.30a 1.57+1.30a 1.86+0.65a

VE: RONEHVPCE A, RN 5 7P RGEZS, R 1 JE A AN )5 B s fE A 7 e 22 5 6. % (P < 0.05). ¥ . Notes: R, is the

rate of soil respiration, Ry, is the rate of heterotrophic respiration, and R, is the rate of autotrophic respiration; different lowercase letters indicate

significant (P < 0.05) differences at varied rainfall stages. Same as below.
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Tab.3 Correlations between soil respiration components and soil temperature as well as soil moisture
Fie F 22 EEEAN - HEPIR FFRITI H IR
Rainy type Index Soil respiration Heterotrophic respiration Autotrophic respiration
K /NEY T 0.283 0.294 0.085
Light rainfall over a long duration SM —0.457%* —0.605%* -0.168
o T3 B /N T 0.668%* 0.710%* 0.525%*
Light rainfall with a moderate duration SM —0.485%* —0.453** —0.444%**
LY T —0.499** —0.426** 0.608%*
Light rainfall with a short duration SM —0.428%** -0.313 -0.111
LENL PN T 0.489%* 0.832%%* —0.588**
Heavy rainfall with a short duration SM —0.675*%* —0.835%** 0.156

VE: TON IR, SMON L3RS, **RIRTEP < 0.01/KF_L B 255, Notes: T, means soil temperature and SM means soil moisture, ** indicates

significant correlation at P < 0.01 level.
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Tab. 4 Changes in soil temperature and moisture under different rainfall patterns

i Fr 25244 Fhr ek 9 T ek g S0 i) et 9

Rainy type Index Pre-rainfall During rainfall Post-rainfall
Kl Iy 24.77+1.68a 23.98+251a 243442452
Light rainfall over a long duration SM/% 11.52+4.76 b 19.16+4.13 2 17.34 +3.77 ab
IR N TR TyC 1137+597a 12.11+8.17a 11.80+7.11a
Light rainfall with a moderate duration SM/% 974+861a 13.16 +4.40 a 13.28+3.99 2
ST N Ty 24.62+1.08a 23.15£1.70a 2350£152a
Light rainfall with a short duration SM/% 1137597 a 12.11+8.17a 11.80+7.11a
N TJC 23.58+2.57a 2270+ 1.54a 23.47+132a
Heavy rainfall with a short duration SM/% 821+1.76a 19.94+857b 1655+ 491 a
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