5542 B 14 ) S &~ £ Eild Vol.42,No.14
2022 4F 7 A ACTA ECOLOGICA SINICA Jul.,2022

DOI: 10.5846/stxb202104221061

EHL, DIET , XA, sl He VAT Rk, VEAR RS AT Bk ST P AR BV DB [R) 2L AR W 5 e R e B X SRS P S ) AR 2SI, 2022,
42(14) :5859-5868.

Wang K, Li M M, Liu D Q, Zhang L J, Liu K X, Xu H, Tang L., He M Z, Zhang K.Characteristics of biocrusts of different composition in the Tengger
Desert and its effects on soil enzyme activity. Acta Ecologica Sinica,2022,42(14) :5859-5868.

BREDRAR AR EWLS RFIELEN L IEEERE
A

I AW AR R R E AE R AT iR ST
1 A INAR Toll K2R 5 k2 TR e, 450 450000

2 TR ERIR M A RA T dbaT 100176

3 T ERMF BE VAU A A PR IR 58 Be v B S VBRI ST, 220 730000

4 BEI5 YR S AR B T r A B R Hhcs BN 450000

WE AV RETREE TR AR RGN ESE EEWEN ., BAT, A WSS 5 WA 1RG5 L 0 2 m & A K= T
GE, XA W 25 e FEASRAAE X T R iR M R 5240 DATRVD % IR P T R [ 2 A W 45 e (B2 B2 AR 25 e b AR s 25
B BELE ) LS IR MR a i MUADZHE AN 15T B 2 B T 3R 43 R REAE 4 A8 A ML B NS 45 BT A S T Y
M, BEIRERWL . (1) ARV AR W 4as B 45 KRR MR a IS 20 MIAMEE T .C N P C/N C/P \N/P 75k 75 [ DA
75 jz FBELE K2 739 4 0 2.28—8.29 mm ,1.79—8.05 wg/cm® 14.60—20.43 mg/kg . 13.16—19.37 mg/kg.5.54—51.42 g/kg 0.44—
3.36 g/kg.0.23—0.54 g/kg 9.62—15.32.24.07—94.98 | 1.92—6.23 , H_FiREE B R E 47 35 TR 5 Hr MR 25 i AR B 4 Jy | B 4
B 75 I 253G i (P<0.001 ) , B AP Z2 W5 R A0 2 1 B 7R AR 246 2 | 3t AR -8 45 e FMBE LS J [A] TG 1 3 25 5 (P>0.05) 5 (2) ML T
C HIN, S5 51 P 35 i A BN S R A, HASRI AR W45 B2 i N/7P B/INT 14 SRS IR 20 WU A 0 245 1 1 oy 52 3 N R
(3) G5 T Mk SR AL AU R DR DR R | A S R LEAS R A B P S R G kA A A B SR B B
I8/ 5 (4) HE I8 B AR AE S 45 2 N LS PR 52 W2 TR DG TUAR T s, AR W25 K (9 I A1 B 1 BT L C/N T PO S T 45
T S I P S B S e PR, LR AR B e S R R K (R 92.2% ) o

KR A WES K AN BT 5 TS M T R T R HIX

Characteristics of biocrusts of different composition in the Tengger Desert and its

effects on soil enzyme activity

WANG Kai', LI Mengmeng®, LIU Dequan', ZHANG Lingji', LIU Kexin', XU Hua’, TANG Liang’,

HE Mingzhu®, ZHANG Ke'**

1 School of Material and Chemical Engineering, Zhengzhou University of Light Industry, Zhengzhou 450000, China

2 Center International Group Co., Lid. , Beijing 100176, China

3 Shapotow Desert Research and Experiment Station, Northwest Institute of Eco-Environment and Resources, Chinese Academy of Sciences, Lanzhou
730000, China

4 Collaborative Innovation Center of Environmental Pollution Control and Ecological Restoration, Zhengzhou 450000, China

Abstract: Biocrusts play an important role in the ecosystem of arid and semi-arid regions. At present, lots of studies have

concerned on the influence of the existence of biocrusts on soil enzyme activity. However, there are few studies focusing on
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the relationship between basic characteristics of biocrusts and soil enzyme activity. In this study, five types of biocrusts,
including shifting sand, algal crust, lichen crust, lichen—moss crust, and moss crust, were studied in the Hongwei natural
vegetation zone of the Shapotou Desert Research and Experiment Station of the Chinese Academy of Sciences. The variation
patterns of the thickness, chlorophyll a, exopolysaccharide, extracellular protein, and C, N and P contents as the main
characteristics of the biocrusts in different compositions of the biocrusts and their effects on soil enzyme activity beneath the
crusts layer were investigated. Results showed that; 1) thickness and contents of chlorophyll a, exopolysaccharide,
extracellular protein, C, N, and P, and C/N, C/P, and N/P from algal crust to moss crust ranged from 2.28—8.29 mm,
1.79—8.05 pg/cm, 14.60—20.43 mg/kg, 13.16—19.37 mg/kg, 5.54—51.42 g/kg, 0.44—3.36 g/kg, 0.23—0.54 g/
kg, 9.62—15.32, 24.07—94.98, and 1.92—6.23, respectively. Meanwhile, the above —mentioned crusts characteristics
were significantly increased in different compositions of biocrusts ( P<0.001), while exopolysaccharide and extracellular
protein did not have significant differences among lichen crust, lichen—moss crust, and moss crust (P>0.05); 2) C, N
and P contents and their stoichiometric characteristics increased significantly in different compositions of biocrusts, while C
and N had a larger coefficient of variation compared to P. N/P in different compositions of biocrusts was less than 14,
indicating that different compositions of biocrusts are more easily restricted by N; 3) The soil enzyme activity beneath crusts
showed significant differences in different compositions of biocrusts and characteristics of biocrusts were positively correlated
with soil enzyme activity. Soil invertase, urease, alkaline phosphatase and protease activity beneath algal crust, lichen
crust, lichen—moss crust and moss crust were significantly different between 0—35 e¢m and 5—10 em (P<0.05). With the
increasing of soil depth, soil enzyme activity decreased. The two-factor analysis of variance showed that the interaction of
different composition of biocrusts and soil depth had significant effects on the activity of catalase, invertase, urease,
alkaline phosphatase and protease (P<0.01); 4) All of the above crusts characteristics had significant influence on soil
enzyme activity. The individual effects in the redundancy analysis showed that the importance of the biocrusts characteristics
on soil enzyme activity beneath the crusts was as follows: extracellular protein>exopolysaccharide>C/N>P>C/P>N/P >
chlorophyll a>N>crust thickness>C, explaining the variation of enzyme activity by 92.2% , 90%, 75% , 68.9% , 62.8%,
62.3%, 59.6% , 57% , 56.8% , 52.1% , respectively. However, the conditional effects analysis showed that extracellular
protein, C/N and P in biocrusts were the main influencing factors on soil enzyme activity with the explanation of 92.2% ,
4% and 2.2% , respectively. The results of the study will help to further clarify the contribution of different composition of
biocrusts to soil enzyme activity and will enrich the understanding of biocrusts for its ecological importance in the restoration

of desert soil and the improvement of soil fertility.

Key Words: biocrusts; extracellular protein; soil enzyme activity; arid and semi-arid areas
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mg/kg Fl1(19.37+1.48) mg/kg, H AN ZWEFEE 171 57 55 i 70 M A 46 fe | A -8 25 Bz RN &E 45 Bz ] G Wb 381k 22 S
(P>0.05), C NP R H A2 5 L AR AN [6] 21 B A= W 235 e %) 722 A6 9 16 43 31 2+ 0.38—51.42 g/kg 0. 11—
3.36 g/kg .0.11—0.54 g/kg 4.00—15.32 .3.38—94.98 .0.91—6.23 , H:f C Fil C/P 7EA[A) 4 LAk W 45 J 6] & i
EM 225 (P<0.05) N Hl P 7EHIAC-BELS Bz FIBELS By [F] G 1 M 22 5 (P>0.05) ,C/N FlIl N/P FESELE Fe M AK -
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Table 1 Characteristics of biocrusts of different composition

Nl

S AT o wmr U gy omege .
Characteristics of biocrusts Shifting sand ~ Algae crust  Lichen crust erust Moss crust cv

25} JRL % Crust thickness/mm 0.00+0.00c  2.28+0.13bc  4.03x1.29b  7.54+0.21a  8.92+2.79a 0.79 21.443 <0.001
M4¢ 2 a Chlorophyll a/( pg/cm?) 0.06+0.01d  1.79+0.30c ~ 4.16+0.02b  4.25+0.26b  8.05+0.16a 0.76 754.79 <0.001
E{f}tiffccharide/( me/ke) 2.41+0.19¢ 14.60+1.26b 18.23+1.79a 20.43+0.33a 20.39+0.29a 0.47 222.759 <0.001
]E%itifli'lzﬁr protein/ (me/kg) 0.47+0.01c 13.16+0.89b 18.44+0.66a 19.37+1.48a 18.38+0.29a 0.52 584.239 <0.001
C/(g/kg) 0.38+0.10e  5.54+0.84d 22.30+4.32¢ 43.74+0.26b 51.42+0.93a 0.85 376.461 <0.001
N/(g/kg) 0.11+0.07¢  0.44+0.06c  2.32+0.06b  3.21+0.42a  3.36+0.19a 0.76 157.461 <0.001
P/(g/kg) 0.11x0.03d  0.23+0.01¢ ~ 0.44£0.04b  0.54+0.00a  0.54+0.05a 0.49 118.892 <0.001
C/N 4.00+1.24¢ 12.55%1.12a  9.62+2.02b 13.77+1.66a 15.32+0.80a 0.39 29.042 <0.001
C/p 3.38+0.17e 24.07+3.36d 50.34+7.28c 80.73+0.79b 94.98+9.01a 0.70 149.156 <0.001
N/P 0.91+0.29b  1.92+0.29b  5.29x0.44a 5.93x0.79a  6.23+0.88a 0.58 51.588 <0.001

[147 [F—TC 2R R/ING TR R 25 57k 1.2 ( P<0.05) ;748 5 28X Coefficient of variation; CV<0.2 H 55738 50 ,0.2<CV<0.5 Fh&EAs 2k cv
=0.5 Jyomas o)
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Fig.1 Characteristics of soil enzyme activity in biocrusts of different composition organisms

KRG Bk R R R A M Bz - HETR I 92 53 38 (P<0.05) s AN R/ING 378 AN [RI2H A W46 B A IR) - e 78 3 ) 25 57 5. 35 (P<0.05)
F2 EPERRIBERENTEEEFEZWHTESN
Table 2 ANOVA results of different composition organisms and soil depths on soil enzyme activity
- B R A e B
SR Biocrusts Soil depth BiocrustsXSoil depth
Soil enzyme
F P F P F P
I E AL B Catalase 117.808 P<0.01 0.148 P>0.05 13.481 P<0.01
HEVEER Invertase 367.666 P<0.01 106.341 P<0.01 15.586 P<0.01
JIR B Urease 422.099 P<0.01 326.312 P<0.01 191.111 P<0.01
R PEBERAE Alkaline phosphatase 253.96 P<0.01 249.742 P<0.01 48.774 P<0.01
H 1M Protease 46.287 P<0.01 43.58 P<0.01 11.074 P<0.01
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Pearson AHICHE /T 25 5 o | BROIEBERR G IR G5 8 (B0 0 35 A0 DG OC R A0, 45 B2 T L3 LA il
PR R A 2 A OGO R (P<0.01) , 25 R P43 a MEAPZHERE AT . C N P S 2= i RRAE
555 Pl ST R R IE A OCOC R (P<0.05) (R 3) .
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Table 3 Correlation relationship between biocrusts characteristics and soil enzyme activity

b AL S TEA IR P R i
Catalase Invertase Urease Alkaline phosphatase Protease

i E AL A Catalase 1 0.96 ** 0.79** 0.91** 0.78**
HENERS Invertase — 1 0.69 ** 0.84 % 0.84 %"
[k Urease — — 1 0.95** 0.34
DRI W 2 i Alkaline phosphatase — — — 1 0.5
T 1§ Protease — — — — 1
45 B¢ JREJE Crust thickness 0.91"" 0.89"* 0.74"* 0.81** 078"
4% % a Chlorophyll a 0.95** 0.95** 0.77 ** 0.89"* 0.68 **
152285 Exopolysaccharide 0.85*" 0.90 ** 0.66 ** 0.79** 0.78**
Jf1 &M 19 B Extracellular protein 0.88** 0.91*" 0.70 ** 0.81*" 0.79**
C 0.92** 0.93** 0.69 ** 0.78** 0.82%*
N 0.91** 0.96** 0.58 = 0.71** 0.91**
p 0.92** 0.97** 0.63* 0.76** 0.90**
C/N 0.83*" 0.77** 0.91* 0.92** 0.52*
C/P 0.94** 0.97** 0.74* 0.83"* 0.82%*
N/P 0.89*" 0.96** 0.56* 0.71** 0.90**

w # MR A (P<0.01) 5 * B E A (P<0.05)

A A B R 45 7 - AJEE M i () TUAR A3 BT IR, BR85S AT UL AR 4 B R 2 R £
SRS PR 0 0 BB KN AN R 1 R S IS 2> C/NSP>C/PS>N/P S AR R a>NS>EE R R SC L 2%
FERRAE X 25 K T - SR T 1 1 5 e 2 3K ) S 25 KT X8 il R RN B R R R 43 R 92.2% . 90% \75%
68.9% .62.8% 62.3% .59.6% 57% .56.8% 52.1% (F 4) . WAV EE R AT WL, A= W25 B2 FEAEXT 45 B2 T 4 158
i35 TS ) ) S B i TR R O A R (92.2% ) (C/N(4% ) F1 P(2.2%) . HIE 2 A%, C/N 5k
il A /N IE A 5 BAM 20 LA EE BT S 4 3R a 5 3 AR AL SRS R R A B NI N R NP 5 E
AR/ (R 4 K 2),

R4 WL R X L REEE I Y B R R R 5% 43R

Table 4 Individual effects and conditional effects of biocrusts on soil enzyme activity

PN Individual effects S50 Conditional effects

AT fift R it e p AR T fife T e P
Correlation factor Explanation% Correlation factor Explanation%

Ma4ME 5T Extracellular protein 92.2 153 0.002 || JfI#EE 1T Extracellular protein 92.2 153 0.002
HashZ B Exopolysaccharide 90 117 0.002 || C/N 4 12.4 0.006
C/N 75 39 0.002 || P 2.2 14.8 0.002
p 68.9 28.8  0.002 || M%Z a Chlorophyll a 0.2 1.7 0.182
C/P 62.8 219 0.002 || N 0.2 1.1 0.346
N/P 62.3 214 0.002 || MshZHE Exopolysaccharide 0.1 0.7 0.56
442 a Chlorophyll a 59.6 192 0.002 | N/P 0.2 1.1 0.336
N 57 172 0.002 || 452 Crust thickness 0.1 1.1 0.34
455 R Crust thickness 56.8 17.1  0.002 | C <0.1 0.9 0.424
C 52.1 14.1  0.002 || C/P <0.1 0.1 0.942
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Fig.2 Redundancy analysis of biocrusts and soil enzyme activity
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