5540 B 5 W) S &~ £ Eild Vol.40,No.5
2020 4F- 3 A ACTA ECOLOGICA SINICA Mar. 2020

DOI; 10.5846/stxb201902220317
G HREE SRR 2R /N A% B YDV AR i AN IR S B A g - R 2 B HE AR AL A . A A 244, 2020,40(5) :1580-1589.

Li Y F, DuJ, Zhang X, Xie T, Li X J.Carbon mineralization of soil covered by different types of biological crusts in the southeastern fringe of the Tengger
Desert. Acta Ecologica Sinica,2020,40(5) :1580-1589.

BEREDPRFAEGARNXRBEEY LT ESEXN T EFN
72T A kA

'71%1%«%1,2,%]? $2’g¥‘ ';3,'i§‘} &%1,2, ?’J‘il’*
1 ERLEBE VGG AR S IR TR 58 B Db Sk YA ST B, , 221 730000

2 R ERREBE RS, JE 101408

3 H g R MR EEBE, 2290 730070

FEE AW 3L Bz (BSCs ) SR T i AR 45 R G0 1 FE B2 LT 40, S i X T MR AG BF B e V- (0 OGBS i DR 3R, RS T M s LD
TR P SN 2SR A )+ 32 e B = 3w (b i A 2 JEXHRLEE (10°C | 25°C 1 35°C) FHuK 43 ( HHE B K & 109% F 25% ) A%
FEME R RFAE , A3 AT T 13 b B S M B OC R . AR (1) 45 B IR ORI R B S R A LR Ak i
B, 2 M A TN AEZS S 1 78 55 1) AR LR CO,-C REVREA A I 0 3 v T bR 45 S i)+ 8 R R 28 A BSCs T a6 +1%
FLBRG, He - 3E 2 [R] 4 R R BE IS8 [+ 3> M ACHS B TS BWEREE I . (2) B 45 122 H eV B R R Tk 5 2 B I R T
o K 3 1 TS 7 1A DR A 485 B T 2 1) 1 R Bl Bz %) 4 3 %o T B R0 K 432 A 1 o o AR AR R . (3) A 45 B 3R 2o B
G5 Bz - HERRE AL HR AR BE U Q) 45 B AR UIAHDC , 1) 3R I g B S 45 Je > M A S Je > R B e, SRR UIA W) 1 1%
45 Kz ABEZE Ry = ) DABEIE Ry F2 A8 i — 25 ik T L bk B, 45 B X SRR R IR A A2 K A R TR 7 2
RIS

KIS R AL AL Q 5 7K A3 5 AR HL VDB

Carbon mineralization of soil covered by different types of biological crusts in the
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Abstract; Biological soil crusts (BSCs) are the association of soil organisms including algea, cyanobacteria, bacteria,
fungi, lichen and moss and soil particles, which cover as much as 70% of the interspaces between vegetation and are the
key component of arid and semiarid ecosystems. They play a significant role in the process of soil formation and
biogeochemical cycling of carbon and nitrogen. Although the functions of BSCs in soil carbon cycling in drylands have been
extensively described in the literature, previous research has primarily focused on the effects of BSCs on soil carbon
sequestration and respiration. Knowledge is rather poor regarding their effects on soil organic carbon mineralization which is

the major part of global carbon cycling and an important process of carbon loss from soils in terrestrial ecosystem.
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Consequently, understanding the effects of BSCs on soil organic mineralization and their regulating factors is crucial to
thoroughly addressing their contribution to the soil carbon budget and balance in drylands.In this study, both intact soil
(1IS) and BSC-being-removed soil ( BRS) samples were collected from algae-, lichen-, and moss-covered soil plots in the
southeastern fringe of the Tengger Desert. Carbon mineralization rates of different types of soils and their responses to soil
moisture and temperature were investigated by dark incubation. The relationships between soil mineralization rates and soil
physicochemical factors were also analyzed. The results showed that (1) SOC mineralization rates and cumulative CO,-C
release from IS were significantly higher than those from BRS. These two parameters for both IS and BRS were in the order
moss crust > lichen crust > algae crust. (2) The average and maximum soil carbon mineralization rates increased with
increasing magnitude of incubation temperature and soil water content, and the dynamic patterns of their response both were
similar. (3) Temperature sensitivity ( Q,,) of the three intact soils and their respective subsoils were closely linked to BSC
types, with the highest value for moss-covered soil and the lowest for algae-covered soil. Our understanding of the effects of
on soil carbon mineralization suggests that the evolution of BSCs from algae-dominated to moss-dominated soil promoted
carbon mineralization, and their regulation of soil carbon cycling was strongly controlled by environmental factors, such as

temperature and soil moisture.

Key Words: biological soil crusts; soil organic carbon mineralization; @, ; soil water contents; Tengger Desert
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Mlinois, USA) #E1T8ESE 48T, H Origin 9.0( Origin Lab Corp., USA){ER,

F1 TEBELMR
Table 1 Soil physicochemical properties

Ay MR S o Z:Bk BSCs 4
AL B Soil covered by biological soil crusts ( BSCs) Soil with BSCs being removed
Physicochemical properties Wi A e Wk HiA B
Algae Lichens Mosses Algae Lichens Mosses
25T (BD) Bulk density/ (g/cm?) 1.37+£0.01a 1.34+0.01a 1.24+0.03b 1.40+0.01a 1.37+0.01a 1.28+0.02e
PR E i (S) Sand content/ % 86.33+0.14a 84.12+0.28a  73.01x1.28b  90.28+0.36a 88.34+0.23a 77.51+1.65b

HiHRE & (CS) Slay and silt content/% 13.67+0.14a  15.88+0.28a  26.99+1.28b 9.72+0.36e  11.66+0.23a  22.49+1.65¢
A HLBR(SOC) Soil organic carbon/ ( g/kg) 2.88+0.09a 1.80+0.05b  6.30+0.22¢ 1.47£0.08a 1.80+0.05¢ 3.54+0.80b
JFeHLER (SIC) Soil inorganic carbon/(g/kg)  3.65+0.06a 4.15%0.19a 6.830.37e 2.89+0.11e 3.47+0.14a 6.08+0.49¢
4% (TN) Total nitrogen/ ( g/kg) 0.47+0.03a 0.55+0.00a 0.79+0.06e 0.29+0.03a 0.34£0.0lab  0.50+0.07b

B 20 ( AN) Available nitrogen/ ( mg/kg) 36.41+0.54a 39.87+0.57b 55.03+0.77¢ 23.76+0.08e 25.49+0.28a 34.14+0.78e

FCHE (AP
L)&@?( ) 3.32+0.07a 3.82+0.07b 5.82+0.11¢ 2.96+0.06e 3.46+0.08b 5.12+0.08¢
Available phosphorus/ ( mg/kg)
% AK
1—)&[@( ) . 170.97+2.25¢  182.80+7.44a  261.28+5.39b  168.84+2.36e  180.72+8.35a  243.17+6.92h
Available potassium/ ( mg/kg)
F(EC
EEEF?:( ) .. . 105.47+0.28¢  114.45£1.95a  162.87+7.69¢ 86.69+1.60a 93.63+2.02a  124.35+7.52b
Electronic conductivity/ ( pS/cm)
pH 8.86+0.01a 8.83+0.04a 8.77+£0.04a 9.02+0.01a 8.99+0.04a 8.98+0.04a
2 FERESR

2.1 PR L ERERIE

ANRIZEHY BSCs 7 75 B3 Z: Bk BSCs A MR (Ll FEh CO,-C MBI F A B 525 (B 1,
P<0.05) , T Ik 43 ¥ 68 B E W K CO,-C e R BEHGE % (&l 2,P<0.05) . BSCs 7 5 - 48/K 43 7
10% 458 T TR 10°C T 21 35°C i), 38 M A RN &E2A 45 B2 + 8 B K Ak R 43 A 0.071 ¢C kg™ d 7',
0.11 gC kg™ d7'F10.19 gC kg™ d™" 3441 0.15 gC kg™' d7'.0.36 gC kg™ d'F10.50 gC kg™ d™", 23 HIE& A0 T 2.1
3.2 A5 A 2.7 18, AHIAIRBEFIK 35540 T, CO,-C 1Y RE T3 2 1 e KRR Sk 38 35 3R W A B DS 245 B > Ml A 45
B >PRAh e R 3E AR SR R A K T AL R S R T R B e 3R AT -£ R N FRdR ek, J5 1%
WA T V-2, B3R BSCs HHEA PG L CO,-C BEHUE REFE S BSCs 7 15 H 321,

45 R R KAy R BE ST BSCs 7 35 3R 5B BSCs 34 HLARHfb R 152 ) . 3% (£ 2,P<0.05) 5
g f R 55K 43 DR S IR B 28 BAE X BSCs 78 35+ HEAY 2 i 3% (% 2, P<0.05) , {HXT 25 Bk BSCs 11
CO,-C T KBRS B35 (£ 2)
2.2 HHEAHURE L CO,-C BEBUBEFHIE

ANRIZEAY BSCs 7 75 H3EM Z: Bk BSCs A MR (Ll fEh CO,-C BB IfA e B 25 (& 3,
P<0.05) ., BSCs 7 3 K& 10% 5500 T 5 10°C T 3] 35°C i), B2 A RN #E 25 285 fy 1 45 SN
BRI S I 1.27 11,67 ,2.72 gC/kg B4 M3 1.90 4.28 6.63 oC/kg, 353G T 1.5.2.6 2.4 %, AH[RIR
HUKSZAETT , CO,-C B Y FRIN BEA L, Fy > M ACHE Je > B L5 iz 4 AR 51T R BE 1 s i 2
BN 35°C>25C>10°C . £BR BSCs HIEAWLIKRT 1k CO,-C RBUB I E AL IS BSCs 7 35 HIEAHL,

G R K FIELRE X BSCs 7 75 M B BSCs HIEA LR L CO,-C RRUB & A 54 2%
HL45 B A 5K 0 U5 1R B B 58 AR RS2 i 4. 3% (36 2, P<0.05)
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Fig.1 Change in CO,-C production rate of different soil under different conditions

F2 HRER KNFRENTEERT KER GREENZREHREN N
Table 2  Effects of BSCs type, soil water content and temperature on soil organic carbon mineralization rate and maximum rate and

cumulative production

BSCs 7 i L4 Z:Bk BSCs 4
Soil covered by BSCs Soil with BSCs being removed
SR -4y R FRR R o R FRREE
Factors Production Maximum Cumulative l" Maximum Cumulative
. . Production rate . .
rate production rate production p production rate production
P P P P P
25 17 25 RY(BSCs) Biological soil crusts type 0.000 0.000 0.000 0.000 0.000 0.000
+ 4K (SWC) Soil water content 0.001 0.035 0.001 0.000 0.000 0.000
IREE(T) Temperature 0.000 0.000 0.000 0.000 0.000 0.000
S H I x 3K ST BSCs x SWC 0.000 0.000 0.000 0.103 0.345 0.025
45 R AR E BSCs X T 0.000 0.000 0.000 0.000 0.224 0.000

4 g JE I x - HEK 43 xR
BSCs x SWC x T

0.166 0.145 0.286 0.026 0.356 0.006
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RS TR R A ] BE ) 22 53 03, P<0.05 s ARG FRER R AR IR S BISE B A 22 53 W35, P<0.05

2.3 AP AR Y R

J5 2 AT S RR B, K /X BSCs 8 35 458 QW2 AR g 2 (181 4) , 7E R3S 7K i 25% B, 32 AR
BERLE R IR Q053100 1.29 1.49 Fl 1.63, 8 SEE A 45 e I 2 A 22 7 0 2 (18l 4, P<0.05) . /K43 FI
BSCs JE AN 2B BSCs -4 Q2 A 2 (K1 4)

3 e

BSCs J& T K A Stz R > 2 XA LR 1k 4 1 I 7E 28 A 25 2R G ik Jo1 s B - 398 o o
YRy A FEE B, ARG, BSCs 7 35 1A DL (b R e K bk A R AR R
Y K T LB B | R RI S BSCs 78 75 AT MU 30 Al 3| e R fb sk R R0 AR B i
BRI EE S AR SWIS (1, 2, K 3) , HAR LI sE i & B0 T AL, Castillo-Monroy 257
NTEAFHE ARG 5 2 T SRR AR 28 R S h B BIFSE & B, BSCss I 152 B JB8 3 e 15 921X - 398 IO 1% e o i e 4
43% , HEAR R B B HE R 43 3115 37% 1 20% , Zhao %51 38 525 X6F 1 s BEL v/ Y5 25 g 4 [ U A i P 2 IX A
FEFIH , BSCs TR 1Y J5 101, B2 2 e AR B BRI i 7 ) i I 245 B R AR 285 B2 1) 1.90 A% 1.42 %, A5 38
A A WL P AN (B A AT H A 2 B, S [) 28 10 A ) - R 23 Ry ot + 96 LR B Ak 14 52 IR A7 A
WEZER 10C KT, BRI 2 (0] TG i 35 22 5%, (HLAE 21 15 3 8 b AR 1) 22 5 I 35 5 25°C R 35°C 414 F,
SRNANGE e 2 R W 25 S HLNEE TR T S 45 R 2R AR R 22 S R (8] 5) , R [R 283 BSCs +
BEA AU AR IE Y 22 5 2 22t AR 48 e R0 25 S i . AR BSCs & B RTE Rl it rpr, K #15%
PFEEZHGE " VR AR R AR B A A A K i s, AT B 95 4 50 W LA B B AR 5 R W A - 1
R, AR AEE T BSCs AT ARG (15 BSCs 5H TR A IR S BAAE—E 25, [
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Fig.3 Change in cumulative CO,-C production of different soil under different conditions

iF, B BSCs BY & B FIVHRS , H: o EROREDRE B i 1 O, 4l AR A ' 2 O 2R i B ) o i 15 52, {115 BSCs
Hh I A 00 T RN MR 25 B AR i R0 (3R 1) A, A R R B Pt B R e 81 A 2 T A AR
b, BEISSE B i A4 W RN B BE ) 0 8 v T 2R s e 7Y A T A AR B B AS [R] 2K L BSCs - HEA HILI
SERNMEER T —EMNER(F 1), XWRAFEZA BSCs HIEAPRE (L EFEATAE 22 50 5 — DRI

KRR TS VR i b 2B 25 R Ge AR A R AR N SRS A A A R A SRR R ARSI R R,
BSCs 7 i 1A KRGS 2 A DT Y0 (s A8 i K™ 1k 380 58 R 58 ARtk g Tk ot 12 I IR 82 v AR /K 03
KR (1, E 2,8 3), Guo 25 FEh E A m 0  Fernandez 25 7E FE LA (I BIF TSt & BL T AL LA |
TRLVE TN A3 R M) - ARy A K N W 1) i T (R R IR 2 T A R A ML 0 et
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