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BRI R 5 2B E 77 R R AM B
BARSNE 22 AR AR A 70% BB A 30% MR s 1k
B E ST AM R A YR N B TR A
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RIEAAM IR S T V4T AR BR 1+ 3EE  1 , 2 5
FRWFI, RABMESREEHEKENESERE
MEESS5EM, Hk, BRERERIT XAESBE
R R 14,

PR XM GEFE AL SHAE B RIEWA
o AR AT, SR I X KRR, 2RE
HElC KM ER KWED, &R G 6, A H
EREHZ—, MET XN TESRDEDS, B TH
A F) 2 T LRI Y IR R R S, R AL DL YD
T3 AOK R RE T 2 ER B, B BT KR
A RA Y R R B B A A KA BISCR AR
A, PRI BLLIE XCH UL A AL & R AR A AR L BR
ZE GERANLAT A TS A, LRI £ R EE L AR
AM FR ARG 5 A R RO R BFERST AM
HEXT XIBY H YA AR B RBCR, LIS
SIEFA AM AR IR EY X ARSI A ELS K IR
BRI HE.

1 #R5AE=E
1.1 I

BRI TAFEE SRS RS ERIKS 2
RIEHE (B 110°4" ;4645 39°18D) , JB TR XG4
SRAEUTRAHE A TR R RV B IX ) B 5 R YDA ok
By . B FIHBRX Y =EE FL SRR B 1 100~
1 300 m, 4 SFHSIR 8 C,=0 CHEHFRIE 3 550 C,4F
WIREK 824 150 mm, EEENE 79 J ,FHHLRY
2 000 mm, ZFFHR K HE 15 d, & Z 735 40 d mR A
20 me s DL BT AL T B YR RS
5, THEIAMRS pH 7. 92; 58 A 31.2 mg « kg 5
APUR 4.23 g » kg ' s BALBE 5. 15 mg « kg ' FIE ST
30.6 mg« kg !,

1.2 etk

L2.1 fufMEy L X -hE BE R AR
1 BB (Prunus discadenia Koebne) Bk 2 ( Prunus
dictyneura Diels) ., it 5 (Xanthoceras sorbi folium Bunge)
LA (Armeniaca sibirica)4 Fi & 50 fh o A0 A ).
EREAEKEER TR

1.2.2 MHER A AM E# (arbuscular mycorrhiza,
AND R b 36 5 TR ARE S B A ) B 5 5 BEIR O 5T
A My S 2 SR AL, B Ay v E LR F AL DAY
SRIHEFAYHESZRY ExHR AR IMTAAR
HHRPMRBR A WL AT LR EVE SIS
% (Funneli formis mosseae , TR FR F. m) @7, & 10 g B3
TR 700 MEF

L3 BTk

L3.1 Rt ik T 2014 FEMART XIEG R
R M. BB ERM AM EFH (M
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AR (—MD2 FhAL I, B Bh AN BR DX 3Pk T Ak L BK
ZE SOERMILA 3 KEE L3t 2 X4 X3=24 A~/NKX,
HERDFIRT B XA/ X AR R 240 m , 4 B TE B 45 )
720 m 112 m, fARFR AR N 2 mX2 m, BA/D
XFhE 60 ¥k, 4 ARIEATHARBIRR .6 A A EMY
SO AR IFE L BRI AL 100 g W, X
FRIX Bl 45 B A = TR K B B R0, HE B A LG it o8 4 AR
. A#HE AM HBEBY KR LA S T E N4
M, AR RUEEE R . SRR Bk 2= 3
TR A AR RSN 2.1%.1.5%.1.9%,
1. 8% ; B L2 B BE 43514 0. 35.0. 32.0.36,0.37 m+ g ',
1.3.2 RERSRE 2015 4 10 A aAAES N /DNX L
2 mX2 mBRET S T IR BELE AL BEEL 5~6 1
FE, RELEHEYSRAE  BEAAHSEFHER
KT ad 2 mm HIEFEEH . R, S840/ N EEPLERE 3
B B —B R, RIS TR RRARER 20 em 38, 58
HARR , BREVEWERIR L3, A5 REET T 10 g 4R
Fo A e A BB RO 4 CukE P m s T TR e
R LHEWRE . BHE L, B kK28 kY s
RS, FERE 3 R AR, KRBT
L4 WEWE

LAl MEPAERERNE BRSNS
AKEREBHA BB L. BEROCO=HENE
REE /AR A SEE X100, BRisMibEe.2015 4£ 7
AHH L RAMERNEN ARE AR, 2BROF.
B RBEIF G 46 R R i 3 B NS T Hm K AE
s R E TR B i mEE, SR AN E 3
WO ¥A ; FAE b 8RBT, V47 T e w5 M 248
YW ER/DN, BRI AN 2 3 WBCFHE. 81N/
BLEE$E 30 MK B E A —-BME AW, A
(SPAD) : 3k Fi SPAD-502 bt %4 2 (I & CHi 1L 4% & 4=
7 B/ NX BEDLERE 30 BRESA , BEEUR: £ FR ER TC R 45
FRBT I A

L4.2 b figatemieE  HEum A RA
BRAR B0 s 8 BB SR ) 20 4% IR A A1 o A 5 S 50l R
FHERSAPL L (15 AR A pH 7. 0 BERREKIR 4R KB
JeEE s pH R ARG 2.5« DY, IR
WEBR TR e i) Tabatabai 1 Brimner 545 ; FEEEESR
FHK B8 ks IR SR 240# A9 Hoffmann Al Teiche
Lb £ s T BRI SRR FH T R A IS L e it

1.4.3 ¥3RFEE K (GRSP, glomalin related-soil protein)
WEBOMW 2 F ik PRIEE KB WRIGHT &£ Al
JANOS & gy gam Atk . EE-GRSP R32 B FREL
1.00 g +AETF 25 mL ZIEBE.LE S WA 8 mL AP R
RN (20 mmol « L7, pH 7. 0), 135,485, #6103 kPa
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F1 121 ‘CTFHE 30 min, L} 10 000 r « min ' B.[>6 min,
W FEWL AR ER 4 K. T-GRSP 3R FRER
1.00 g +#EF 25 mL Z)E LA IIA 8 mL #PERR
MBI (50 mmol « L', pH 8.0), i35, & 4), 1
103 kPaffl 121 °C N4 60 min, B ERE 5 K, GKE
B REG RE R BOR AR E 2 RS L. RS
B TR AR s U EUS R LA 10 000 r » min ™' 3
FEBIL 6 min, ¥ Y 3 2 Ui R YR
W EBNMEHEERE 4R, FERLI CREEESE 2R
5341, GRSP FIRE « 4357 B 0. 5 mL ) R VS A
5 mL D2 G-250 Yeta ] (ft 2 w38 , =k
=, 10 min, 595 nm F KT A, HEMEEGD
(BSAEFRUHER . % B R A B 6, 2 Hl brifE M £, LU
1.00 g +IEHEHEMMTEFR GRSP &, Wik
AR FINRS N P 2225 O R AR 2R A R
BB AR 0h B T8 5  FEAR BT AR 1 cm AR BEL U
TS REAR FH ) 2R B O A 38 SUVE T 2 B AR AR e R 5 B

L5 BdRsrir

W EE F Microsoft Excel i#F 47 ¥ {H FlAs #E 2= 1+
BIHAER; RIS T M 8- SAS 8.0 (SAS institute,
Cary,NC,2003)7E 5% @ ZE/KF T #17 LSD £ H
% .
2 BRESW
2.1 AM HIEX R YR ALY B 5w

B 1 Al 5, KRR AM HE A B R R YR 7E
L 8%0~3. 4%, Heh AM H 18 A 38 i) B ARk  RK 2= L SO
BRI R Y345 52.3%.50. 1%.,48. 7%
16.6%, 25 B E. B AM HEGEZL%E 5 H
4.35.4.62.4.57.4. 49 m » g ', HARR XT FRAY 10~15 1%,
WemERERS. M AM A EE LT RE5
B L X I B 29. 796,27, 49%.,43.0% F151. 7% 48
FTHHRatia®—n. MY AMEHE - EK
AN T R AA B,

N — | g F O 2 4
BUS g IREHSIRIARNR L ERE S 2 R 2 T
F1 AMEEMNERBLE ALEEMEYENZ I
Table 1 Effect of AM on mycorrhizal colonization rate,external hyphal density and dry weight with different plant species
Yk &by HHRR YR B E kTR WATHR
Species Treatment Mycorrhizal colonization/ % Hyphal density/(m + g=1)  Shoot dry weight/ (g « # 1) Root dry weight/ (g« #k 1)
52 S SR —M 1.84+0.1b 0.4240. 05b 56. 216. 4b 10. 2+1. 3b
Wild cherry EE M 52.343.5a 4.3540. 27a 72.915.8a 15.4+1.1a
Rz S —M 2.240.2b 0. 3920. 03b 68.9%7. 1b 14. 940. 9b
Cerasus humilis EE M 50.142.9a 4.6240. 47a 87.818.9a 18.8+1. 2a
p&EE SR —M 3.440.4b 0. 3810. 08b 682. 0+ 35. 0b 124.0+12. 0b
Shiny leaf yellowhorn EE+M 48.7+3.7a 4.57+0.52a 975.0+48.0a 163.0+17. 0a
WA Xt —M 2.7+0.3b 0. 40+0. 04b 518. 0455. 0b 171.0+13.0b
‘Wild apricot BERE+M 46.6+3.7a 4.49+0. 35a 786. 0+46. 0a 203.0+19. 0a
WRZESHE PSS
B
BEzRM P(AM)
ANOVA

TEIER P(SX AM)

M RAPREY 3 RER NP IE iR, A RNE FRFRR F - T EE AN B 50K T L2858 EH(P<0. 05); — M &R Ey A& AM BB B R4,
+MEREYER AM BB EALE, PORIMAZEZER BE M PAAM A AM 25 BEHE PSXAM RIRFFIER AM BEKCEAN, » FRE S KHKF LES

B%, TRE2.3,

Note; The mean values are three replicates in the table (M+=STDEV). Different lowercase letters indicate significant differences between —M and+M at the 5% level by LSD (P<C

0. 05); —M indicates that without inoculated arbuscular mycorrhizal fungi (AM) and—+M indicates that inoculated with AM treatment. P(S) indicates that are significant differences among dif-

ferent plant species; PCAM) indicates that are significant differences between two AM inoculums treatments; P(SX AM) indicates that the interactions between plant species and AM;as-
terisk indicates that are significant differences at 5% level by LSD, The same as Table 2 and Table 3.

2.2 AM E WX XA A KRR R0

BB 1 AR R AM B AR BRSO R
FI LA (9 B IE 24> BAA B 93%6.92%.,94% F191% ,%F
TRALE 3R 78%6.73% . 70% . 78% , —HZ BIE R B
EAMBEDHKESNEER TR 17%.13%,
16% 11%; E ML EE RS, Bff AM B
PR AR LR | SC S SR R L A B o 5 (B A B 24 8,
26.3.25.1.27. 6 /M%) 29. 8,30. 4.29.9.33. 9, % F i
#, G LA, AM HEX & BHEY TS R R b
R S A K Rt LA R, I T A K

B,
2.3 AM EBEXH X 35 EE A F R A B
AR R RAE £ BB iR bR, &
AM F 1A 25 AL RS | SO S A LU A o XA
TR A S B, 9.3%.13.9%.,10. 7% F1
17.1%, #fAM HE LB T EENE S &5 5 R
6.23.6.25.6.19.6.27 g » kg ', L AT E B EHR S
14.5%.15.5%.15.5% .14. 6%,
AM H 1 B & PR AR PRk R ZE SO R AL A5 +
BT OB A A &, 4y 0 3k 8 10.8%.13. 8%
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T.7%.6.206 H 2110621 406.19. 796, 21. 7%, 4&Fh  AMHER M EEY IR BT H. 700 MEREE
AM HE X+ pH T8 R HE TR, i SRR R

120 1 (@) 70 1 (b) Aa

| Aa A Aa [ HR-M % i-M
o . 2 WM = %F  Ba b WM
m_g 80 = nb 0 Ca
"E% 60 t@_%ﬂ b
= £ oy
g 40 g Da
Z B4t b
0
Hrik i e SCREHR Wiz LUge o Kz SCRLHR JITEa
wC CH SY WA wC CH SY WA
257 Plant species AE 7RI Plant species
35 (¢) Aa 50 F (d)
o b [ E-M [ AT FE-M
5 B8f WM 401 Ba A2 BHEH+M
B Ba 2 Ba Ba
2= ur 2
g b Da &
g 7t
Gl
0
LAy Wk 2 SO R iz PP Kz SRR ity
WC CH SY WA wC CH SY WA
Fithy 257 Plant species ¥ 257 Plant species

F B PEE R ZANBE N THE, AR KRS FRRR ARG Z R 5 Y%K R 2R 8k (P<0. 08) s RIFA/ING FH:FRR R — P F 8@ At
BB [A7E 5%0/K°F [ 22 5 835 1 (P<C0. 05) s WC,CH, SY 1l WA 4B Sn BFpk Bk OB AL M FTFr . THE 2.
Note: The mean values are the several replicates in the figure. Different capital letters indicate that are significant differences among different plant species at
the 5% level by LSD(P<Z0. 05) ;different lowercase letters indicate that are significant differences between —M and=+M at the 5% level by LSD(P<Z0. 05);
WC,CH,SY and WA represente the abbreviation of wild cherry,Cerasus humilis ,shiny leaf yellowhorn and wild apricot, respectively. The same as Fig. 2.
Bl AMEAMEYEKEZERINZEMN
Fig. 1 Effect of AM on the growth conditions with different plant species

*2 AM EE X A E Y ##E T L RO F R0
Table 2 Effect of AM on soil major chemical properties with different plant species
HrFh il BRA HYLRE B T pH
Species Treatment Available N/ (mg + kg=1) OM/(g+ kg™ 1) Olsen P/ (mg » kg—1) Available K/ (mg + kg—1) /(2.5 1)
SF Ak it B — M 36.5+2. 8b 5. 44+0. 34b 7.87+0. 42a 50. 3+0. 8a 8.10+0. 03a
Wild cherry ZEE M 39.943.1a 6.23710. 29a 7.0240. 36b 39.840.7b 8.09710.02a
Kiz= SHHE—M 34.4+1.9b 5.4140. 39b 8.06740.49a 50. 610. 9a 8.1040.02a
Cerasus humilis BEETM 39.2+2.2a 6.2540. 61la 6.95+0.53b 39.8+0.6b 8.09+0. 07a
R it B — M 37.3+1.2b 5. 36+0. 38b 7.7140. 36a 49.8+0. 9a 8.09+0. 02a
Shiny leaf yellowhorn HEEH M 41.3+2.7a 6.19740. 33a 7.1240.41b 40.040. 2b 8.1240.03a
[ilE:3 SHHE—M 34.4+1.4b 5.4740. 29b 8.0240. 33a 51.640. 3a 8.1140.02a
Wild apricot ZEE M 40.3+3. 2a 6.2740.6la 7.5240. 39b 40. 410. 6b 8.09710.02a
REERE P(S) * * * * NS
BN
=S P(AM * * M . NS
ANOVA
ZEAEH P(SXAM) * « . . NS
HE 2 ATRVE W #M AM B i PRk 2=, 2.4 AM HRX X 45 R B R E R m
SO AL A + 48 5 GRSP & 843518 1,24, 1. 17, I 3 A0, SRR AL AR Lh, HEFP AM I EF

1.28.1.22 g » kg', X BB 4b ¥ 4 113, 1.13, 109, #Bpk.BRZS SO AL A B - SRR M B R I M B
L07g kg, ZRWE, F,EMAMERFEE®R 0 34.0%.35.6%0.35. 550 F1 31. 300 ; REMEBETE PE B
5 R HL GRSP & &, 40 5l & F XF b 3 0. 11, 27 18.4%0.28.6%5.32. 1% 1 39. 1% ; IR & 1 B35 1
0.10,0.14, 0.12 g+ kg™, % iF & 2 9.8%. 7.5%. T1 40. 3%6.35. 4% .56. 1% F1 34. 5% ; G WA J5 Bl Pk ke
10.3% M 8.9% ., AFMYRAZ RIBAZFEKH AM 3 35.3%.39.6%.46. 8% F128.3%, [FIHF, HPZEH
HPAXT 14 GRSP & & sl S A 25 1E A AM HEE KX HZ TR EEEHA B E .
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K257 Plant species {4247 Plant species
B2 AMEENAREYREGEREEEHEXEASENET
Fig. 2 Effect of AM on GRSP in rhizosphere soil of different plant species
*3 AM HE X R E Y FFE T L IREEE R R0
Table 3 Effect of AM on soil enzymatic activities properties with different plant species
HrFh il ) .
Acid phosphatase Sucrase Urease Nitratase
Species Treatment
/ (P-nitrophenol pg» g=1 « h™1)  /(glucose mg+ g=1 « d™1) /(NH4t-Nmgegled?) /(NOg~Npgeg?ledl
SF Ak it B — M 65.6+4.5b 25.6+3. 3b 1.5940. 13b 8.30£0. 55b
Wild cherry ZEE M 87.918.3a 30.343.7a 2.23740. 22a 11.23+1.13a
Rz i HE—M 69.145. 8b 23.1+2.6b 1.6140.19b 7.85+0.65b
Cerasus humilis HE+M 93.7+9.6a 29.7+3. 1a 2.18+0. 31a 10. 96+ 1. 06a
R it B — M 70.2+4.5b 22.1+1.9b 1.554+0. 13b 8. 2240, 68b
Shiny leaf yellowhorn BEE+M 95.147. 9a 29.2+2.7a 2.4240. 35a 12.07+0. 75a
[ilE:3 SHHE—M 76.31+7.2b 23.312.8b 1.4840. 21b 7.69710. 49b
Wild apricot BEETM 100. 2=+8. 5a 32.4+2.5a 1. 9940. 18a 9. 8740. 82a
w2 RHE P(S) * * * *
BN
=S P(AM * M N .
ANOVA
HAE P(SXAM) * * * *

2.5 AM EWH5H X AR M

MR 4 IR, EARAR LR 5 A B A4 L BB
B DEIREE RN B 2 A 18 3 TE AR G (P<<0. 01, 558
iR R OB R R O [ Bl 2 1 2 TE AR G (P<0. 05), 1]
T, ERAR P 50, R RE IR U A SR ERR TR
IR TR0V iy DR T T R O DA 45 A, fEL XA [R) 4
AR B PR MR AR BEIR e 5 A L 8
PR O AR B B R B IE A SC (P<C0. 0D,

5 pHRRE R &8 2% IEH BEE S A LR 6
R RS B2 R IEAH SR (P<0. 01, 5 34
M RBOREER B EIEMX, 5 pH MERBEERIE
FEOR (AR B3, SRR B T 5 IR T 5
DL 9l 8 2R T 25 W T RE A il 22 A 8 3 IE M SR (P <<
0.01), SHAH 2 B & EMAK, 5 pH M5Bk kS
KIEMSC HMAXEA R, 5 Bk KRR 7
HEK 5 AR PRI D I -5 A LI o A R S e A

F4 AM ER 5 &iEtrHEXES
Table 4 Correlation analysis among different soil indicators and AM
Ei-t 7 e AL AR A AR BHEBEEX HEBGRSP BEREE P IREE  PHERIEJRES
Item Infection rate oM Available N Olsen P Available K PH T-GRSP EE-GRSP ACP Surease Urease Nitratase
BY:# Infection rate 1
AHHLE OM —0.08 1
SR A Available N 0.51* 0.57* * 1
TR B Olsen P 0.63** 0.14 0.22 1
R Available K 0.39+ 0.35% 0.17 0. 25 1
pH 0.02 0.18 0.27 0.19 0.26 1
HMIREHZFR TGRSP 0.71%* 0.78% % 0.41% 0.62%* —0.02 —0.05 1
52 EE-GRSP 0.75%* Q.67%* 0.38* 0.68% = 0. 05 0.03 0.92* * 1
BEEAEE ACP 0.57** 0.58* % 0. 23~ 0.55% 0.47 % 0.36* 0.45% 0.33* 1
TEMEBE Sucrase 0.50% * 0.57% % 0.87* * 0.74% % 0.36*% 0.12 0.02 0.31* —0.31 1
MR HE Urease 0.41*  0.55%* 0.66%%  0.63**  0.35% 0.19 —0.01 0.05 —0.01  0.63** 1
WEE R Nitratase 0.39%  0.63%* 0.57*%  0.54%**  0.09 —0.33*  0.01 0.03 0.04 0.05 0.07 1

P FIRLE 0. 01 K OB AR BEAK; * FRARTE 0. 05 AKF GO B BEMRK,

Note; * * representes significant difference at the 0. 01 level; * representes significant difference at the 0. 05 level,
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FIEML, 5 pH B FML. BULERSMM AN B E
IEAHSR, 534 B 3% T H O, IRV S5 IR 5% T
HSE. MIRMEIHTR I, BRI 5 b2 AR 2 A7
TE DR RSN , B e R AR IR I A R e ¢
HAEA.

3 itie

BAEWREH, AM ER a5 E R XEYH
A x5 AM AENEEEYNREERAMEMUY . B
FHARRBIGX ST 2R, BoiiEy
MR MELUTE AR B 8 iR B R AR 2D, 1 B A R M 5 3
S5ikEaS MR s R —8%. AM EHSHEYR R
TE BB MR 22 5 , ALY S A TR 22 ) 465 1 AR 22 5 7K 43 F 5
AR R B A K. R S AM B4t
ARTXERMEYEN T RS L ENEE
FWE

H—HYE BEURE 2, DR PRI K 51
REARGE A BELIEAENFE. B AM EFHED K
BB R = T IRAL B X 52D RS M AR IX
e LM E B E NS R BN —B. [, gz
YA MET T, AM H M o S A8 ok 4R
WA Hi. M AM BEE AR E R AL
K ImE A SR E R,

AM EFEH N A &2, TR F L IR R
5 g m AR, 38 3 AR BE 5 IR A in 2 1 5 L
RFL I A A S, T LR E R, L
B B AR 2R AT TR AL PR , b R B R o R
[, AR AN 22 43 0 I 1~ B8 22 B T I = B X, T b
BRI 22 B+ A RS B S, BN LB IR A S 4R
TR R I TR R, I R 1 e b, 42 R RO
FAEES RIS R AM BB B FRAR T s
8, FH AM AFE GRS E EAEY T - e R,
XESAMARRG R - R UL R BRI AT A8 7E
TR SEHX LN 5 mm, BEE AN T X —H T
%] 50 mm, 7 b 3 w5 O I, 5 B0 T A B A B
RN,

REH, Ef AMEERS T LHEREE R
(GRSP) & &, %5 RILLIG 20 % Bl B 2243 W GRSP
e HE 1500 BAHLRE 48 5 I E R E 4R —3
A AL TR Y B A1 T 3R B B s TR
AR P, KRBT T S 3 i 1 GRSP & B4R ALE R,
R, BRAE 2 R R IE T AM BT 28 1 5 22 R FO R
EMAFMEZBREEA L ARG EKEERR
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Effects of Arbuscular Mycorrhizal Fungus Inoculation on Plant Growth and Soil
Chemical and Biological Properties Amelioration in Coal Mining Subsidence Area

WANG Zhigang' ,GUO Yangnan®,BI Yinli' ,QIU Lang' ,JIANG Bin' , PENG Suping' ,ZHANG Yanxu'
(1. China University of Mining and Technology (Beijing), State Key Laboratory of Coal Resources and Safe Mining, Beijing 100083
2. The Technology Research Institute of Shendong Coal Company in China Shenhua Group, Yulin,Shaanxi 719315)

Abstract; The effects of arbuscular mycorrhizal fungus inoculation on the growth of wild cherry, Shiny leaf Yellowhorn,

Cerasus humilis ,apricot and the major soil chemical properties and enzymatic activities in the degenerated sandy soil by

using in-situ field monitoring and lab analyzed methods in Shendong coal mining-induced subsidence area were
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investigated. The results showed that mycorrhizal colonization rates were 47 % —52% ,external hyphal density was more
than 4 m » g ! soil, aboveground parts and root dry weight were improved significantly, and the typical mycorrhizal
structures were formed in the roots of the above four plant species by using AM inoculums, Similarly, plant vegetative
growths were improved significantly by inoculation of AM via increasing survival rate,plant height,ground diameter and
leaf SPAD. Also,available N, organic matter, GRSP, acid phopshatase, sucrase and urease and nitratase activities of soil
was significantly higher and reduced olsen P and available K in the inoculation treatments than those in the non-inoculated
treatments, Thus, AM fungi dramatically enhanced the extremely poor and arid coal mining-induced subsidence soil
restoration by improving typical plant growths and chemical or biological properties of soil, which could provide some
suggestions for long-term ecological improvements by using AM inoculums.

Keywords : coal mining subsidence area; arbuscular mycorrhizal fungus; reclamation species; soil chemical properties; soil

enzymatic activities
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