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Effects of artificial cyanobacterial crusts on enzyme activities and recovery rate of
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Abstract; Soil enzymes play an important role in soil nutrient cycling and reflecting soil function. Until now, the artificial
biological soil crusts ( BSCs) have been one of the useful sand-fixation technologies, which significantly improved desert
eco-environments. However, how artificial BSCs did affect soil enzyme activity and the corresponding recovery rates in desert
areas? In this study, by studying the soil enzyme activity (sucrase, cellulase, amylase, and catalase) and corresponding
BSCs characteristics ( chlorophyll a and exopolysaccharides) on the topsoil (0—2 em) under artificially cyanobacterial

crusts, naturally-developed cyanobacterial crusts and shifting sand in the southeastern edge of the Tengger Desert. We aim
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to elucidate changes in soil enzyme activity, their recovery rates, and even the relationship between soil enzyme activity and
the characteristics of artificial cyanobacterial crusts. The results showed that sucrase (13.03—20.51 mgd™' g¢™'), cellulase
(45.60—47.20 mg d”' ¢™') , catalase (12.43—23.31 pmol d™' g™') and amylase activity (91.04—153.93 mg d™' ¢™') in
the artificial cyanobacterial crust surface soil, which were significantly higher than the four soil enzyme activities in the
shifting sand (1.52 mg d™' g™', 43.05 mg d™' g”', 7.08 pwmol d' g™ and 64.77 mg d”' g™'; P<0.05). By contrast to
naturally—developed cyanobacterial crusts (17.60 mg d™' g™, 46.70 mg d™' g”', 23.87 wmol d™' ¢ and 246.22 mg d”'
g™'), the artificial cyanobacterial crusts accelerated the recovery of soil enzymes, of which, the highest recover rate was
shown in sucrase and cellulase (100.0% ) , followed by soil catalase (61.7%) , soil amylase activities recovered the slowest
(24.9%). In addition, the results of regression analysis showed that the content of chlorophyll a and exopolysaccharide in
the artificial was significantly positively correlated with the activities of the four soil enzymes ( P<0.05). The above results
highlighted that artificial cyanobacterial crusts significantly promoted the increase of surface soil enzyme activities and
accelerated their corresponding recovery rate, which provided an important basis for evaluating the role of artificial

cyanobacterial crusts in the restoration of desert ecosystems.

Key Words: artificial cyanobacterial crusts; soil enzymes; sandy areas; recovery rate; soil function
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WFFEIXASE T e ks B YD AR B 2 U0 I Sk YD R B0 346 (37°27735"N, 105°00'37"E) |, J& T HE JsL Ak Sre v b s | i
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dasyphylla) /N JE #EAEL

2 WRAE

2.1 REEIT
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JCYiAa B2 R RN BH 0 77 a5, SRR S AR AR A 4 AT, ELARAREEA 1) B ek A 56 2
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FTEE 25070 1.9 mx1.5 m,0.9 mx1.5 m, Zeid Z24F [V 52 Bk W12 X 5 il B 0 BV P R e A 25 S5 inss |, i
X AR 40 15 TR AN S 38 43 T LA 0 XUt i L 35 43 P AR 2R K AN TR e 6 A %50R
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1), REE 0—2 cm 1 J2FEM 2 500g, FAEEE = AN, HORERES 21 0y, 7ESCEREE HpOdHRE Sh kA T AL 2, 51
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Table 1 Basic information of sample plots

Kt A=) S S RRAIE ERRAM Y F Y 35 B2/ %

Sample plot Characteristics of biological soil crusts Main herb species Vegetation coverage

TR I L e 2 81.70%— NS Eragrostis poaeoides

TS, I3k Echinop: linii
}\.. .I;E A . 85.6% , JEE B K 1E 2.0—2.5 mm ﬁj/: /E% c'mo.ps gmetmnit 21.7
Artificial cyanobacterial crust St R Chloris virgata
MR Setaria viridis
AR K W as R SR A B B PR LE M5 7E80.0% WS Mk Echinops gmelinii
Naturally-developing DL SES4JERE R 2.74 mm HIE Salsola tragus 17.8
cyanobacterial crusts JNIJE Eragrostis poaeoides
ey - . Wik HIk Echinops linii
i Sand M BB DU Echinops gmelinii 5

S Corispermum declinatum

BSCs 4¢3 a & R H QBRI E , b IRFE Y P32 56 = 5 1n] 23 N A 10 mL Jo/K 4B, 80°C K it
Smin, 2 H) 30min J5iT0E . fJ5 FIAEIEEEHE 665nm (A665 ) K T I HR A T (R G A A=
. L. 11.9035x 2% (mL) XA665
A I (/o) = #% @;;f( Cmﬁ)
BSCs 1Ay 3 Tl s S A 3G WA BLEE & AN 24 (LB-EPS) 'S %545 4 M1 2205 ( TB-EPS) vk it &b 24k
(G-EPS) , #2HU5 1 UL Rossi 251" Bp i 4 h S0 S 0 5 R FH 2R W - e mi Rk |
2.4 RHEREIRE SR TR A BRIEA

(Ap —4y)
RREcovery = (AN _ A[)) X

Ripcoer, 7B A8 N T HE BEAE BORARS T N TAEBEIX. A R B 110 6 8 45 B - S TG R A W O 38 AL 918 St T

PE, FAR R N D 43338 N T HE#45 e N TR F AR A B I TE B 45 B A v -+ e v
AR
Prcenery = Ay X T

T econery SETRAET 3 AR J5 1N T 5 645 B SRS MRS T 1 SRR 1 U 3R 45 B RS2 I, 7 48 N A
HEE FPKE W] ARG R 11 4R
2.5 Haabs

fi FIER A Excel 2020 5 SPSS 25.0 #4740 AL BRANGE 15387, FH Origin 2021 1E&],

100

3 ZBREHSH

3.1 N TR PSS R 0 R B

B s AR TIEBEES i S AN THE X AR E R EELSR AT RER a i L LR EEES
(P>0.05) , N T4 w25 iz 43 i i) 3 P A 2B &5 G-EPS>TB-EPS>LB-EPS [y 4%, LB-EPS il TB-EPS
WA L A 220 i R/ NI E I DPN>NWE>NWF +SSN>SSN>NWF+DPN> A T A%, 78 LB-EPS J7 i, DPN
BB Em T H B AT (P<0.05) , 76 TB-EPS J5 1 ,DPN NWF NWF+SSN ZbFRZH 5 3 i T H g A P ( P<
0.05) ; G-EPS & K/NEI N DPNSNWF+SSN>NWF>SSN>SNWF+DPN> A T AR #% , Hiff DPN Fil NWF+SSN i
ER T HEA(P<0.05) . MWE 1 RaJIAE B T 5S4 AR BEZH A NWF NWF+SSN \DPN /i 3 Fliash£
B SR 3 = TN AT AR R B MY BE4S £ (P<0.05)

KL, NI R AR e 3 AR JR N T el e e R AR S AAR R BRI 11 45 1Y 5 5
g5 K URBH N T PR 45 K BOR AT D4 BSCs 1 & & i)
3.2 N TR B R0 - RS M Sk 2 R A 5

F P 2 WD, N T e s B vl DA 2 i vy A e 2 MR 2o S fb Ul DA B 1 4 RS M (P<0.05) ,
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Fig.1 Developmental characteristics of cyanobacterial crust
NWF: JCZi i Non-woven fabric; DPN: Bjj 42 ¥ Dust-proof net; SSN: i FH I Sun-shading net; LB-EPS. #2 # 2% & M 7} Z B loosely bound
exopolysaccharide ; TB-EPS ; "% %454 il 4 22 tightly bound exopolysaccharide ; G-EPS ; Wik i 4 221 glycocalix exopolysaccharide; VY {E +F5 1
i, AR NE FRERIR 22 5 M, KT P<0.05

N T 6 SR 485 g b B2 rp SRR B e 13.03—20.51 mg d™' g7, SURTPAHEL 425 T 8.6—13.5 fi5; L3
LT R WG VELE 45.60—47.20 mg d™' o7 Z [H] 2P 1.06—1.10 £ ; L3 A A ZU G PN 12.43—23.31
pmol d™' g™ JEVIPIY 1.8—3.3 fiF; N THEBESS 2 T T IEVEM G S5 VP AR LL , BRAR & TV RIS 1.4—2.4
(0 DPN & X5V 2 [ 22573 B35 (P<0.05) . [FIN 4 Fl 3R B T 3k i LASN , N T de s
Bz R Z B PR 5 A SRk B 1 B As B R )% I TR R TC B 25 R (P>0.05) BRI FoRFRATIHE T
N L5 BEGE AR T F AR R B T2 R IR S 3 L SRR I Ta) , an 3k 2 s

F2 NIERZRFETEHBIFEHENTARLE 1 ENRERNTERHRE ER( %) ARRERE (a) CFAELARER)
Table 2 The recovery rate (% ) and recovery time (a) of soil enzymes in the artificial cyanobacterial crusts relative to the cyanobacterial crust

with a natural development time of 11 years( Mean+SE)

i e TR L A A LR
Different Soil sucrase Soil cellulase Soil catalase Soil amylase
reatment WAL % KAL)/ WRALHER % WEBT/a BODER % WREMI/a  BRET/ % KR
Recovery rate  Recovery time Recovery rate  Recovery time Recovery rate  Recovery time Recovery rate  Recovery time
NWF+DPN 80.2+3.2 9.01 109.5+8.8 11.08 77.7+1.8 9.27 23.6+20.0 4.81
NWF 118.1+9.1 12.82 91.9+4.2 10.93 96.7£15.3 10.74 15.3£6.5 4.13
NWF+SSN 117.8+9.8 12.79 70.1+2.3 10.74 58.6+11.6 7.80 21.9+1.1 4.67
SSN 71.6+£6.4 8.14 114.0+7.1 11.12 31.9+4.7 5.73 14.5+12.1 4.07
DPN 108.9+7.9 11.89 98.4+15.0 10.99 43.7+5.4 6.65 49.1+11.2 4.88
SFY{H Mean 99.3 10.93 100.0 10.97 61.7 8.04 24.9 4.91

NWF, JEZifli Non-woven fabric; DPN, B2 & Dust-proof net; SSN, i FH ™ Sun-shading net
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Fig.2 Soil enzyme activities under different treatments

MR 2 T DA H - R RN 4T 4k L AE 4 FP 3R ok R HOR Bt T E NWEF NWF+SSN  DPN %
FACHE AR SR O A N TAERE (>100.0%) , SAE-EIE 55 99.3% , J5 5 £ NWF+DPN il SSN 7 75
7 B R E A T AR (>100.0%) , IF B EASEA{E N 100.0% ; + 56 AL SR Rk 2,
SRR AR 61.7% ; +HEVER BHK S R 508, BIIKT 50.0%, Bk T DPN 55 7 IR 3R R 49.1% ,
HAR AL PREH (VK R 14.5%—23.6% 2 (8], SRR SR V38K 24.9%,, [FIRPEHEEREEE 3 AT
W PR S 11 AR A SRR I W A B 32 AR LY, 25 e I W A R ) T A B 3k B
FARK B WL R 11 AR LA WK J5 IR - S0 i 43 SR B T H AR R B IR SE K 8 AR 5 AR 247 i KF o
T DGR D0, N T e s B mT LA 2 SR TS R (R A2, 55 1 R & 7 I s B A Lo 4 T R A2 st ]

3.3 N TR degh f SEACRRE 55 - HEEGE M AH G

J TR 4 Fh -5 5 T 85 B4 J IEARRIE Z M B C R AT 4 Fh L IEEHG M5 4% K a LB-EPS,
TB-EPS .G-EPS & #3477 HIH 58 (E 3) .

I 3 AT, e A AT 4 R IG PE 5N TR g T 4R 3R a 0 R A 3 IE A G (R = 0.366,
P<0.05;R*=0.683,P<0.05) , 13t A AL AW 5 TEM B 5 T 48 K a 105 B 2 IEASCEA R (R =0.106, P>
0.05;R*=0.112,P>0.05) ; 7EMIAP W57 I, 4 Fifi 5 LB-EPS \ TB-EPS G-EPS 4 i B4k M 1F 4H ¢ (P<0.05) ,
Hrh R 5 3 RSN 2SRRI R2 351 0.812,0.802.,0.768,, H It AT L, SR Y 1 PR 5 N T
W PGS K R B B R | S ELAK T SR R A TR - S R RN £ 2 S N T A R AR AE Y 5 R N
ITE

4 i

BSCs 2 ) — LB LR MR AN S0 RT LG aod D' FH 181 7 B , 30 BE A% 0 6 B S 22 Ml DA 1T 48 o = S e 2 it
R AR SO IS - ERRAE PR DG 1Y 4 bk SR, b G 2T 4R R B JER R A K RS, T L
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Fig.3 Regression analysis of artificial cyanobacterial crust properties( Chlorophyll a, LB-EPS, TB-EPS, G-EPS)and soil enzymes activity
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