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Abstract: The respiration of biological soil crusts is an important contribution to carbon cycling in arid and semiarid
ecosystems, but soil crust responses to rainfall have not yet been fully investigated. In this study, we conducted a series of
simulated rainfall experiments with different rainfall intensities (2, 4, 6, 10, 20, 30, 40 mm) for moss-dominated

biological soil crusts (hereafter moss crusts) on loess and aeolian soils in the Loess Plateau of China. The soil respiration
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rates of the moss crusts were measured before and after the simulated rainfall with a portable CO,/H,0 Analyzer ( LI-COR
LI-840). Afterwards, the soil respiration rates of the moss crusts with 40 mm rainfall were continually measured at 0—24 h
(0, 0.25,0.5, 1,2, 12, 24 h) after the rainfall. Finally, the soil respiration responses of the moss crusts to rainfall were
determined from rainfall intensity and time after rainfall. The following results were obtained in this study. (1) The soil
respiration rates of the moss crusts were consistently and significantly increased after the simulated rainfall. Compared with
the soil respiration rates before the rainfall, the soil respiration rates of the moss crusts on loess soil were increased by
2.89—6.38 times, whereas the soil respiration rates of the moss crusts on aeolian soil were increased by 0.73—4.38 times.
(2) In the 0—6 mm rainfall experiments, the soil respiration rates of the moss crusts, both on loess and aeolian soils,
linearly increased with increasing rainfall. Correspondingly, in the 6—40 mm rainfall experiments, the soil respiration rates
of the moss crusts on loess soil slightly increased with increasing rainfall, whereas the soil respiration rates of the moss
crusts on aeolian soil sharply decreased with increasing rainfall. (3) Changes in soil respiration rates during 0—24 h after
the rainfall event were similar for the moss crusts on loess and aeolian soils; they both rapidly increased immediately after
the rainfall and then gradually decreased to their original levels before the rainfall during 0—24 h. The soil respiration rates
of the moss crusts on loess soil reached their maximum values almost immediately after the rainfall event; however, the soil
respiration rates of the moss crusts on aeolian soil reached their maximum values approximately 30 min after the rainfall
event. (4) The soil respiration rates of the moss crusts on loess soil were 150.0% and 59.6% higher than that on aeolian
soil under different rainfall intensities and at different times after the rainfall, respectively. (5) The soil respiration rates of
the moss crusts were significantly positively correlated with surface soil water content (0—5 cm) when soil was dry
(<4% ). However, when soil was wet (>4% ), the soil respiration rates of the moss crusts on loess soil were positively
correlated with surface soil water content, but that on aeolian soil were negatively correlated with surface soil water content.
From this study, we concluded that the soil respiration of the moss crusts on the Loess Plateau of China responded directly
and sensitively to rainfall events, but the responses were different for the moss crusts on loess and aeolian soils. It appeared

that the moss crusts on loess soil responded more efficiently to rainfall compared with that on aeolian soil.
Key Words: biological soil crust; soil type; loess soil; aeolian soil; soil respiration rate; rainfall; soil water content
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Table 1 Characteristics of sampling sites and moss crusts on loess and aeolian soils

b CiEs W ) Kb+ b szl e
Measurements Moss crusts on loess soil Moss crusts on aeolian soil
i Soil texture Wi+ w+

+HFIH Land use it TEAM

Wi Slope gradient /° 20—25 5—10

45 17 S5 Coverage of moss crusts /% 47+10 bV 95+5 a

#EE W Moss biomass /(g/m?) 89.49+3.55 a 152.99+7.52 a
BERIVR B Moss density /(#k/cm?) 29.8+2.8 b 55.9+3.9 a

HEMAIZIE Moss species

W 3th E#% ( Bryum arcticum ( R. Brown) B.S.

G.) .E#¥ ( B. argenteum Hedw.) . 1411
#% ( Barbula vinealis ) . 4l M 4 1 #% ( B.

Wbl FLBE FUEE AL H B A 0

perobtusa ( Broth.) Chen)

R T AN ) B s 8+ XD+ b 845 B A 5% /K TF-22 5 3
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Fig.1 Responses of soil respiration rates of moss crusts to rainfall

gradient on loess and aeolian soils
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Table 2 Differences in soil respiration rates of moss crusts between loess and aeolian soils under different rainfall

FELE K W/ (mol m™2 s71)

W Soil respiration rate of moss crusts LWRSES tfE P
Rainfall/mm RE /%D t value P value
# 1 Loess soil A+ Aeolian soil

0 0.64+0.19 » 0.50+0.07 g 27.2 1.12 0.326

2 2.49+0.39 e 1.83+0.11 ¢ 36.2 2.80 0.049

4 3.58+0.39 d 2.2420.06 b 59.7 5.95 0.004

6 3.9620.18 cd 2.6920.03 a 47.6 12.27 <0.001

10 4.16+0.16 be 2.1820.29 b 90.4 10.41 <0.001

20 4.32+0.07 abe 1.42+0.10 d 205.4 43.11 <0.001

30 4.56+0.02 ab 1.15+0.06 e 295.1 44.10 <0.001

40 4.72+0.05 a 0.87+0.09 f 438.7 65.78 <0.001
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Fig.2  Changes of soil respiration rates of moss crusts after

rainfall on loess and aeolian soils
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ik 1.42 £%5, BRWG 0.5 h Ab, HoAth Bsf (] &% 2% K7 04 0 I s 3 7E 8 = XV + B39 & 22 7 (1>4.01, P<
0.016) .

x3 WMEARMBEELMRND L FE#ERTFRERHESRIER
Table 3 Differences in soil respiration rates of moss crusts between loess and aeolian soils after rainfall

BELE  PFIGE R/ (umol m ™2 s71)

T 5 i s . . i PE
i s el _ Sl wpinion e of s s __ A /5" e e
-0.1» 0.58+0.03 g 0.48+0.01 g 21.3 5.79 0.004

0 4.56+0.22 a 1.88+0.06 ¢ 142.4 20.64 <0.001

0.25 3.4320.09 b 2.1520.06 b 59.7 19.55 <0.001

0.5 2.70+0.04 ¢ 2.76+0.06 a -22 -1.44 0.223

1 2.51+0.08 d 1.59+0.08 d 58.4 14.15 <0.001

2 2.11£0.08 e 1.3120.11 e 60.7 10.67 <0.001

12 1.36+0.08 f 0.90+0.06 f 51.5 7.97 0.001

24 0.66+0.44 g 0.54+0.03 g 23.0 4.01 0.016
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Fig.3 Relationships between soil respiration rates of moss crusts and surface soil water content on loess and aeolian soils
3 g

AT WY, A T3] o R 14 A 00 5 42 08 B0 vy B AN XU b 8 B 4 P IR R S 2 08 o, 2—40

http ; //www.ecologica.cn



1134 FUE A B AXD b [ BESE K ST A UL 56 9 ) o 15 L 7

mm 4R RS AT 8 | 2 By g T R 4 i 2.89—6.38 475 WAl XUvb 1 b BESE e 1 T 0 R 4 0 0.73—4.
38 fif , X 5 HAM 5T IX OS5 HIEAW & BN, 76y R BEE 4 VD B, 2k 2515 mm FEAK AL B A 9 45
(BEFNHDAR (TR AR 45 B ) B R IR S 5S4 R R Y 1.51,2.75.3.06 15528 ;5 .10 .20 mm [ J5 BELE fe Tl 45 e
1R PP 520 38 73 S0 2 T I 1) 43—58 A5 R 21—25 52 2675 Mol e i o SR VD b, il e S A e A o, 280 1,25,
10 mm [/ ALHS | BRI A 25 B (14 W I 5 00 e T 19 9.13 16.73 .3.17 .8.64 £, SR WFFE X AR | B RN
sEAN] A W4 R R LA R T 5 350 A S R e AN (], (L et 5 1) — B B | TR X A P 45 i - 4T
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