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Characteristics of biocrust soil respiration with different cover and their influencing

factors on the Chinese Loess Plateau
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Abstract; Biocrusts, as key participants in the carbon ( C) cycle of drylands, can substantially influence dryland C
emissions via respiration. However, the respiration rate (R ) of biocrusts may differ significantly among different cover
levels,and this remains poorly understood. In this study,we set up 5% ,25% ,50% ,75% ,and 100% cover on moss biocrusts
developed in the aeolian sandy soil on the Chinese Loess Plateau, with bare soil as the control. Biocrust R were continuously

monitored using a soil C flux system (Li-870). We measured soil properties (e.g.,soil temperature, moisture, and soil
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organic C). We further analyzed the differences in R_ and soil properties among different biocrust cover levels as well.
Finally ,we elucidated the mechanism underlying the differences in R among different biocrust cover levels through the
construction of a structural equation model. Our results showed that: (i) the daily trends in R_ of different biocrust cover
were generally consistent and their R_ were mainly influenced by rainfall. The daily variation of R_ of biocrusts with different
cover levels showed a trend of increasing (7:00—13:00) and then decreasing ( 13:00—17:00) ,which ranged from 0.66
to 4.06 wmol m™ s™'. The excitation effects following rainfall intensified as biocrust cover levels increased. (ii) R. of
biocrusts increased significantly with their cover. Compared with bare soil (1.09 wmol m™ s™") , the increase in R_ were
28.2% ,17.1% ,9.3% ,4.9% , and 0.6% for 100% ,75% ,50% ,25% ,and 5% biocrust cover, respectively. Meanwhile, the
temperature sensitivity of R, of higher biocrust cover was stronger. (iii) An increase in biocrust cover significantly enhanced
R, directly by elevating soil water content, moss biomass, and fines content ( clay and silt particles). Also,an increase in
biocrust cover positively affected soil organic C by increasing moss biomass and indirectly promoted R_. In summary,the R,
of the biocrust responded significantly to the change of its cover, and the increase of the biocrust cover contributed
significantly to the soil C emission rate by increasing the soil water content,improving the soil mechanical composition,and
increasing the moss biomass. Consequently, changes in biocrust cover may occur under future climate change intensification
which could lead to differences in C emission and should be taken into account when accurately estimating C emissions in

the Loess Plateau of China.

Key Words: biological soil crust; soil carbon emission; soil temperature; soil water content; soil organic carbon
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Fig.1 Location of the study area and different coverages of biocrusts
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Table 1 Characteristic traits and soil physicochemical properties of different coverages of biocrusts
ARV Ay 45 Bz 55 8 Different coverages of biocrusts

SRR

Measurements At 5% 25% 50% 75% 100%
45 Kz JE R Crust thickness/mm — 7.84+0.36b 9.54+0.38a 8.56+0.51b 9.80+0.61a 9.44+0.02a
e e
et HE&‘JZ ) — 2.75+0.96e 10.00+1.83d 25.5+£4.04c 39.75+2.75b 76.00+2.71a
Moss density/ ( /cem?)
#E: HE Moss biomass/ (g/cm?) — 0.002+0.0001e 0.009+0.002d 0.025+0.003¢ 0.035+0.006h 0.073+0.014a
R

_%%ﬁ X 5 1.58+0.06a 1.31+0.03ab 1.18+0.02b 1.23+0.02b 1.20+0.02b 1.17+0.02b
Soil bulk density/(g/cm”)
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Soil organic carbon/ (g/kg)
TREE YA W BB
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carbon/ ( mg/kg)

AT HLK
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carbon/ ( mg/kg)
FPEUE I E I E b2 | AT ARG TR RN 25 AL B2 S 7E P<0.05 7K B3
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Fig.2 Daily changes in soil respiration rate,soil temperature,and water content at different coverages of biocrusts
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Fig.3 Time variations in soil respiration rate,soil temperature,and water content at different coverages of biocrusts
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Fig.4 Differences in soil respiration rates,soil temperature,and water content among different coverages of biocrusts
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Fig.5 Relationship between soil respiration rate and soil temperature at different coverages of biocrusts
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Fig.6 Linear regression between soil respiration rate and soil water content at different coverages of biocrusts

R — < PR ™ AN RE SR g L L SRR Wi ke ke
P S AE W i R R S e, R
HEA AL B AL % DT 4 55 £ g i o7
ARSI D R A = 5 02 o 5 DX S g )
5, RIS KR AR AN R B R A A 45 B A TR
W HCR R I B F MR IEMDCER Y AR R
BRURRE TS A IR v T B A W45 B A 35 K i S I e
AR T BE AR L 0 K X Ul B AR W A6 e A T
o, R K BE 0 B | I AT BE LA 4 R e S R i
RO B TR K REE B ZE K S IR 2 1 3E
3 G KA H B R T R HUK I IREE T AR 55
ABTEHERZS
3.2 A[FERIE A4 B A SR I R A S A LR
AT AN [R] 7 2 B Y A T 45 B M I i R 9
S, A AEYEE B s i R IE ARG AR R AEY)

G5 KB BT 2 R R RSP ARDIF SR A IR R B, A W 4 e 7 1 P R T R i 5 R U A 2 A
(RPRLRIRYRL 50 T e EOARE S T ) LA I 3 COL SRR, SR BT ST 4 Hh A= U 4% BORY 25 20 Ok +
HeJr 23 e B RR)R ISR AL, T B B0 A M2 B R AEAE RS 3 (4 CO, 1) RACHER, AT FEEAR
NP R X TR SR RO AR ST A S A R SR T LSRR [ SR T I IR T AR A
HORJZ WIS . AARIESE SEM L2 B A= W45 e 7o i B8 /A8 (U e e A7 28 s o A Ay o S i i 3 7
HEIETREIR o D380 B A Py i 38 i 23 %k b A HLAR fR Ak i A TV P A LA ™ AR T e p Bt i
A2 B T GER R R, S UESBL, Weber 4550 W5 R B A W 45 BB 4R i IR 2 AR Y AL MG+
SRS AN T R R E A LR A 5 i, MR e S WS AR B T T AR A R R R

2.5
= y=1.13+0.002x + 1.16x?
% 20 R?=0.968
‘?E : P<0.05
)
 E
3 15¢F
g £
®E 10}
HE
=
=05
3
v
0 1 1 1 1 1 1
0 20 40 60 80 100
78 3% % Coverage/%
B7 E£YEREEEEX T EFREENI I

Fig.7 Effect of biocrust coverages on soil respiration rate
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