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The dynamics of soil carbon release covered with biological soil crusts in Alpine

sand area
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Abstract; Biological soil crusts were widely distributed in desert ecosystems, which could affect soil carbon release and
regional carbon cycle through their own respiration. In this study, we took the algae and moss crusts as the research object,
which were widely distributed in artificial vegetation area in the northeast of Qinghai-Tibet Plateau ( Gonghe basin,
Qinghai). We observed the diurnal and growth seasonal dynamics of soil carbon release rate in bare land and two types of
biological soil crusts covered soil. The results showed that the diurnal and growth seasonal dynamic characteristics of soil

carbon release rate with and without covered biological soil crusts were consistent with that of bare land, showing a “single
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peak” curve. The maximum daily carbon release rate of covered biological soil crusts appeared at about 13:00, and the
daily peak value of the bare land and the removal of soil crusts appeared at about 15:00. The existence of biological soil
crusts advanced the daily peak value of soil carbon release rate appear about 2 hours, and the daily peak value of carbon
release rate of each observation types all appeared in August. In the relative dry year (2017), the soil carbon emission of
covered algae and moss crusts was increased by 22.07% and 85.61%, and the carbon emission of the algae and moss crusts
could account for 67.60% and 25.76% of the increased amount. And in the relative wet year (2018), the soil carbon
emission of covered algae and moss crusts was increased by 139.37% and 290.53% , and the surface carbon emission of the
algae and moss crusts could account for 69.09% and 45.59% of the increased amount. The development of biological soil
crusts promoted the carbon release of soil. Temperature was the key driving factor for the diurnal dynamic change of soil
carbon release in this area. Temperature drive the contribution rate of soil carbon release reached 48.89%. Therefore, in the
process of calculating carbon exchange in desert ecosystems, the effects of different biological soil crusts on soil carbon

release should be fully considered.

Key Words: alpine sand area; biological soil crusts; carbon release; temperature; moisture
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Table 1 Main characteristics of biological soil crusts soil in the study area

g4 A% Crust type 25 B 5 i Coverage/ % L2 2% Thickness/cm 75 1 Biomass/ ( mg/cm
SRR C LI C /% 25 J¢JELJE Thickness/ 75 f ey i 2
W Algae >51% 1.01+0.01a 3.69+0.21a
HEEZE Moss >41% 1.490.06b 4.65+0.25h

AR B R B B3 25
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Table 2 Basic characteristics of biological soil crust soil in the study area

S K RS BIR(%) ope (i) 2R (/) WA
Crust type Sampling depth pH Org‘z‘;ft ;2?““ Organic carbon  Total nitrogen C/N
fEs 52 9.03+0.01a 6.71£0.21a 3.89+0.12a 0.47+0.11a 8.28+0.19a
0—>5cm 9.32+0.01b 6.23+0.11b 3.61+0.06h 0.39+0.08b 9.27+0.17b
HEEL Hif ) 8.36+0.06a 15.4+1.34a 8.93+0.78a 1.18£0.21 a 7.57+0.80a
0—5cm 9.04+0.06b 8.04+0.30b 4.66+0.17b 0.58+0.13 b 8.04x0.51b

M TR R B B 2

®3 WREEY RS KT IEVURARHE

Table 3 Characteristics of soil mechanical composition of biological soil crust in the study area

WUkL 2H B E 4375 & Percentage content of particle composition/%

AR ARHRRE ki Sand HHRL Silt Kk Clay
fLES g5z 67.69+ 0.90a 32.08+0.90a 0.23+0.00a
0—>5cm 69.7420.47a 30.04+0.47a 0.26+0.00a
B g5z 61.55£1.95a 38.17+1.93a 0.28+0.02a
0—>5cm 65.721.28a 34.03x1.27a 0.26:0.01a
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Fig.1 Diurnal dynamics of soil carbon release rate (in terms of CO, release rate) and surface (0—5 cm) soil temperature in bare land and

different types of biological soil crusts removal and mulching

351 20174 201845
=~ 30}
& +?<%iﬂt‘
E o5l —e—wkugk
g —a— B LR
B3 —v— WA
=g 20p —o— BEEL T
& -
=2
S st
=
g2 10}
Q
05|
1 1 1 1 1 1 1 1 1 1 ]
6 7 8 9 10 6 7 8 9 10
H 1 Month

B2 RibSAEXEBEY LB R RBRINES T BEBRRBERER (LU CO, Bil# %) EKFHE
Fig.2 Growth season dynamics of carbon release rate (in terms of CO, release rate) in bare land and different types of biological soil crusts

removal and mulching
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Fig.3 The differences of carbon emission (in terms of CO, emission) between bare land and different types of biological soil crusts removal

and mulching during the growing season
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Table 4 Relationship between carbon release rate, temperature and water content in bare land and different types of biological soil crusts

removal and mulching

B/l K4 F Meteorological factors

Type T Tos Ts_1 Tyo—0 RH,; SWCos SWCs_1 SWCip20
L H Bare land 0.649 ** 0.689 " 0.570 " 0.413*" -0.529"" 0.400 ** 0.263 " 0.062 "
W LR Algae removal 0.428 ** 0.370 " 0.339 " 0.291 "~ -0.197 0.513*" 0.423"* 0.28""
E#E PR Moss removal 0.445*" 0.358 " 0.280 " 0.218* -0.308 " 0.308 " 0.585"" 0.543 "
AL I - J _ v .
MRERLR . 0.439 ** 0.399 ** 0.338 " 0.300 " -0.014 0.619"" 0.694 " 0.574**
Algae crust covered soil

HRELE .

FEREE L 0.308 ** 0.233" 0.205 " 0.210" -0.113 0.691 "~ 0.707 ** 0.678 "

Moss crust covered soil
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Fig.4 Principal component analysis of carbon release rate, temperature and water content in bare land and different types of biological soil
crusts removal and mulching
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Table 5 Statistics of rainfall events during the growing season

Ay <10 mm [F7K H/mm BREIK H/mm <10 mm FFERIE KB

Year <10 mm precipitation Total precipitation <10 mm precipitation times Total precipitation times
T 30 4FF-34

iE 30 4FF-4 246.3

Average over the last 30 years

2017 160.6 226.7 55 60

2018 185.8 372.4 67 78
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Fig.5 Average soil water content of 0—5 cm, 5—10 cm and 10—20 cm under different types of biological soil crusts in the growing season

(June to October)
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