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Effects of earthworms on growth and antioxidant enzyme system of turfgrasses
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Abstract; To investigate impact of earthworms on growth and antioxidant enzyme system of three turfgrasses, Lolium perenne
L., Festuca arundinacea L. and Poa pratensis L., we studied the effects of earthworms on biomass, malonaldehyde
(MDA) content, as well as the activities of superoxide dismutase (SOD), peroxidase (POD) and catalase ( CAT) of the
turfgrasses grown in municipal solid waste (MSW) compost medium by adding earthworms into the MSW medium. Our
results showed that addition of earthworms into the MSW medium increased the aboveground biomass of L. perenne and F.
arundinacea by 3.53 and 12.17-fold, respectively. The same treatments enhanced the underground biomass of L. perenne
and F. arundinacea by 127.45% and 148.94% respectively. By contrast, the aboveground biomass of P. pratensis was
decreased by 42.37% when the earthworms were introduced into the MSW medium. MDA content in L. perenne and F.
arundinacea was reduced by 51.30% and 87.52% with addition of earthworms into the MSW medium, respectively. An
increase in MDA content in P. pratensis by 16. 74 times was found by addition of earthworms into MSW medium.
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Furthermore, the presence of earthworms in the MSW medium had significant effects on antioxidant enzymes of the
turfgrasses. Activities of SOD in L. perenne, F. arundinacea and P. pratensis were decreased by 64.93% , 13.38% and
83.56% , respectively. Activities of POD L. perenne, F. arundinacea and P. pratensis were increased by 41. 15% ,
54.41% and 34. 09% , respectively. Activities of CAT in L. perenne were increased by 5. 61% with inclusion of
earthworms in the MSW medium, whereas the same treatments led to decreases in CAT activities in F. arundinacea and P.
pratensis by 11.73% and 33.23% , respectively. In conclusion, the present study demonstrates that earthworms in medium

can markedly affect growth and the activities of antioxidant enzymes of turfgrasses, and that the effect is species-specific.
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HEASI BB B 3, BN IR h 2B ME BPA AR &, IE T 1R b R | RN A
WTE e, SR IR AR AR . MEIEITE Sh T DA HER 02 K B R BT ITIESE, Lavelle 2™ g9 BFSE K B
TEAR TG Y 3 vh i 51 S RE (R BERE MG s R — S5 RE 7 Cu Cd {5 3B iR s[E SRR B & 4R
B B 5 (Lolium multiflorum) B3 12 978 ) ; Abdul " 9B SR, 76 3 AR R ERY Cd Fe.Zn . Cu,
Pb {54+ 3% FURBNE SN T BERE & LR ERM T, MBI A 1 4£4 BRK (Poa annua) B3
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1 HEE5FZE
1.1 szmpfst

A TE BRI AT A B REE/MNE S SORIEAE T, E I Y H 244 R Z 5 (Lolium perenne L. ) (& ¥
¥ (Festuca arundinacea L. ) f1E P BIR( Poa pratensis L. ) , ML 75 F & k15| ( Eisenia fetida) , i R
ERC AL B ATk
1.2 BEit

BURHEA B SIALHFER( H18 x20 cm) , BIREB—EL 0 , IRIEZE M R 4F AR IL s SINRHEE . &
FRAETENIORIE 2 kg, BOAMLIE 40 &, BEMBEEERRE S BHEEZE X3P FRKREMN 1.5 g,
BEATEE TP ; SR LR BRI A X IR, 3 REE . SRAZTRAMTHT, BRNRTEK, ERKRE
FAXHRE 2318 15 ~21CH 34% ~39% ., BRBEHGERK, IMRIFETTIKE R 60% , 45 d [ NF| L
Y, W E & TR
1.3 WETH®
1.3.1 AFENPCEERERERNE

AERAIHR L pHELUK L b 5:1 RABES, RABEHNE . ANESERARERASE
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H-AMMPIE I E s 2 RR FAWRBRIR- R RIRH A L EP e Rk A 2 M BT € IR HEA, AW
KRB FE THRET 2 (ICP-AES) Il 5E,
1.3.2 fEMEERR_ESENE

(1) BERERITE 4 CARM T HEAT, MER FRIUBT R BOREI 0. 5000 g FHUEBHEEF , I A MR SRR (PBS,
pH 7. 8) , vk _EBHEE B S35, 7E 10000 r/min B B0 20 min, biEHRA TEEHIIE, SOD W #: M & R AR E
POme (NBT) 3 ki ', A% Soit Yy B 4 ) NBT SYe4b3k IR 50% S — RS #L47 ; POD & H: E R A
BAIARBRENE"" , UG FTE YIS B G AL | pmol ABIAE y—MEIE B AL CAT WHHEIERALE
WAL, LA ST Y B A MB 1 mol H, O, —MEEIE B4

(2) WA EWE FREMH 1.000 g, 578, A 10 ml 10% =& ZBR(TCA) FSBHER HBEZES
#,4 000 x g B.0> 10 min, BB 2 ml, A2 ml 0.6 % BRCE HZER(TBA) %%, /K H2EL 15 min,
BHEE O, EFEWIKE 532 A1450 nm 40K OD {H,
1.3.3 HIHEYAEYENE

PP 45 d Ja R IR Y R RS T TR RE , R T B v b A YR 02 5 I & R YR
R—ERH , FE BT EHRE, RTEM T EYE.

1.4 g4
S F MICROSOFT EXCEL 2003 #1 SPSS12. 0 #k4-3e1783R 4097 o
2 BERE5SH

2.1 AEENSOEERRE R

ARNPEENERMTERRARGVRNRRFEUBR T HR(R D . FENAIEIETL Y
YRR EF YR, BRI EKE W LS, AR TREYXK TR SH A, pH EET,
HEBMH RO T 48, o7 W, A= F5 B AR D B R LA R R S Y REASR e 2, HFE A IR A K

R1 ERNEEREFELER
Table 1 Physical and chemical properties of MSW compost

TE 7 Indics
B (% kR
% FURCE)  m(%)  EHB ek AWk (nle)  EE(gen)
Medium pH Organic .
Total N Available P Total K Saturated water Bulk density
matter
content
HERE Compost 7.62 12.12 5.18 77.92 50.83 0.76 0.85

2.2 WUENE SN R IHE Y A Y B B

FERPOEE TR AMEG , BERE RFEF R BEY R BE MR 2) , FIXT AL, 2053
BT 3.53 f5FN 1217 45 B R BR A, B A MG 3 B AV BISA T 42.37% o T I EE R vh ML 45T St
REEMEEF 0 HAEYRNING BEOREER AN REFHEMERTRER, A5, WBHEs

£2 EBIFEDEIVEWEWRGRN (/&)
Table 2 Effects of earthworm on biomass of turfgrasses( g/pot DW)

R e B SPAEY) Tadgrasses

Biomass Treatments HEE L. perenne E%%¥ F. arundinacea B#R P. pratensis
W EAYER TRAEYS EA 1.649 +0.408 * 0.935:0.182* 0.034 0. 006
Aboveground biomass S CK 0.364 £0.015 0.071 £0.012 0.059 +0. 004
WTEYE AL EA 0.232 +£0.067* 0.117 £0.190 -
Underground biomass Rwurs CK 0.102 £0.009 0.047 £0.010 —

* P< 0.05;EA .} AMLHE| with earthworm addition ; CK; AR s (X M) , FlR] * P < 0.05;EA;With earthworm addition ; CK ; No earthworm

addition (control) , the same below
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RSB EEFNHTAEYESTIINT 127.45% 1 148.94% , W I, , SR i85 B3 B E B M B E F Y
ERBHRIER, X RRREYEZHE /D,
2.3 EWRNE SR E A Y MDA &2/ 20 B N EW

ARG, BEE HEFN MDA S EHB T B % R A ) CK
(E 1), 43R LLST B FRET 51.30% F1 87. 52% ; {H R34
AR, MG , 3 MDA & & &2 1, & 1 %3 1R
16.74 £, WEMSNESIXT 3 MR YIE) MDA S 874
AR, B R I B E A & 808
A, REBOR B R S AL R B3
2.4 RIS B3 R PEAE YrH A AL ERE M R e - By ] a

BER SES 2 HAR

WRAEFE S B B S A R BRE SOD M Lpereme  Farundinacea  P.pratensis
A3 B SR I sE 4 B R R T 64.93% ,13.38% #1 83. 56% B1 s el S MDA & B EA
(R3)o BAMIEISARBAME, /¥ K SOD 7 4 Fig.1 Effects of earthworm on MDA content of turfgrass
BIAEE, RRRERAR, I sh B &R T R RKRM
SOD &, WIS I & F M B BOR CAT WE 57 A BRREAR T 11.73% F133.23% ;B 2, BEELE
ARG, B CAT [EWFRE T 5.61% , 7] WL, S 85175 < B E BRI R BOR CAT 1, MEBNESNHRER,
FEFMBEEAKRE POD &R T T 41.15% ,54. 41% 1 34.09% , [F] SOD J&HE—FE, IEF¥F
[ POD J&E M AR R , REKRRAR, SEBI TS SRR T 3 FPE I POD &1k,

#£3 dEBIEZHIEITEY SOD . POD, CAT FERI#IA
Table 3 Effects of earthworm on SOD POD, CAT activities of turfgrasses

MDA& &

MDA content (umol-g™1)

AL i3 BEy Bt BHR
Antioxidant enzymes Treatments L. perenne F. arundinacea P. pratensis
SOD AL EA 450.00 +50.00 1466. 67 + 466. 67 200.00 £76.38 *
U FRair s CK 1283.33 +185.59 1733.33 £ 164. 15 1216. 67 +344.40
POD AL EA 8847.08 +2118.33 12340. 08 +3194. 30 5087.77 +374.27
U FRair s CK 15034.48 +1414.46 27068. 99 +5402. 50 7603.34 +£96. 83
CAT AL EA 148.15 £4.42 144.26 +5.74 95.83+0.80°
U FRair s CK 140.28 +£6.56 163.43 +4.63 143.52 £12.59
3 g

5 v B 9513 Bl 4 iy B AR R AR HEAE R B SR B TS BTIESE , THUE 81 st S AL A 4%
IR A SN TENLR, 4T X SCRIRIE . ABIRS R, S B EMBEEFNEY R
HRA W B3N, 3X 5 Wang 217 Susanne 251 fyBF5 45 SAE — 3 R G 1515 R AR 0 30 B A T B, 3X
52T B , BRI EE T T — 50, MDA BRI S RA =Y, K& BN
EEEREEETEYIR DR EWIRBEE —MERIEED . AR, BEENEEFRALSEE,
MDA & 8 B T W, JAEA 85875 38 2 A P Y AR R I R B B S R B R0 R T 1
S AR XTI BEE , ST A R IE IA Y & . REGRE MDA & B7E M A M 151 /5 8 3 3% m , 48
R IBE SN T R RCRM A 4R i E AR , T B e TR TS SO R T M IR R S e i HL R
BEGRZ DA IR, Wi 53 MDA ZEH R IR B, 30 T Y& .

YA BB A BRI R R R B A A S AR P A TS M E R, EEW R
B SOD.POD,CAT %™/ | BF53 & BLA Fi5% M8 T, SOD,POD . CAT £ RBARM ML R, &
P2 Bt R, WA RR SR TS E T SOD EH:Hn, POD 2@ A T 5 F M, 72181
Jihe T AR, CAT 72 B IR T 78, e REA T S8 TS . THHE™ B sll, MEES
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J& Cd** Jihie vk BERG 3 hn , POD J¢ CAT J& 430, i SOD 152 T He#ash . APk h,3 MY SOD 5
POD EHAEMA MBS AW R, S5 EYES MDA FBNGRTUS N, IEEE e TREESH
FFHER, LT MDA & &, SOD 5 POD 14 th il 2 1K ; M 4515 3l 7T LAVSE B8 B 35 S FE 76 58 A 1 X HE 90
BB A AL E SRR T EYPLEEIE KRS . R, 3 TR BRI E , MDA & BIEMA MRS G B&F
Whn, T SOD %4 5 POD 15 ¥ HIFEAR, LB HAE M2 2] T A AR B B3, T BRIE 1 8 b 228988 0 T IE,
BRI R 40 BB AR AR , T RS T ALY ST AR B SR A AL (AN E &8 ) Inag , 68
R EHERR ISR HRE S TR, X SR ERIRINER X, @B R AR WY BRI L R AR BRI Y14 , &%t
HEPFESBIARM=AEEm, BEESRBRN CAT E#: , 7B A MRS G FriE S, MiEEF/ CAT F
HNA B8, CAT B ERIIRRA AT 00, HER, A8 R A MRES AR Z 805, W, HEAE o M 5175
BhXESHEYIAE K R PL E AR R SRR SRR A K, KT X 75 B LG R R A T ot — 2
BT,
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