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Comparative study of digestive enzyme activities in earthworms

belonging to two distinct ecological categories

ZHANG Bao-Gui, L1 GUi*‘TDI‘lg;SUN Zhao, WANG Jian-Kul (College of Resources and Environ-
ment, China Agricultural University,Beijing 100054 ,China)

Abstract: Farthworms play an important part in transformation of organic residues and soil nutrient cy-
cling. In order to determine the diets and the capacity of degrading organic substances,cellulase, protease
acid and alkaline phosphatase activities were measured in the gut of an epigeic earthworm Eisenia fetida
and an anecic earthworm Pheretima guillemi. Activity of protease ,phosphatases and rate of C(O; evolution
were compared between casts of Pheretima guillemi and uningested soil. Cellulase activity was far more im-
portant in the gut of Eisenia fetida than that of Pheretima guillemi , while the activities of protease.acid
and alkaline phosphatases were significantly lower that these of Pheretima guillemi. The differences of di-
gestive enzyme activities between the two earthworm species may be resulted from the fact that Eisenia
fetida feed on plant residues,while Pheretima guillemi consumes micro-organisms on the organic debris.
According to the results of the present study,it is recommended that in culture of Pheretima,it is impor-
tant to increase microbial biomass in the cultural medium.
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Table 1 Activity of cellulases, protease and phosphotases
in gut of two earthworm species (expresses respectively as Phos:l:a:fivities EE!E&
Protease activity
produced /g worm live w/h) (pgp-nitrophenol/g soil « h) (. (yrosine /g
& 8| HHMEMN XoN EERN ¥ Acid M Alkaline soil « h)
Earthworms Cellulase  Protease Phosphatase T Soil  569.9+2.9 748.4+7.3 29.5+1.7
E. fetiea 153+19.0 25£0.3 127x0.1 Wi Casta 327.1126.7 548.94+19.7 17.8%2.0
P. guilletmi 194+1.3 135.541.2 47445.0 ZRBX#
2RBEN Significance  p<{0.001  p<C0.0001  p<{0. 00001

p<0, 001 p<<C0. 0001 £<0. 00001

Significance of difference of difference

A 851 HE 3tk 4 b CO, F 1 38 B T 40 A i IR 4 (B
1), RS P BT LT REMEY
FHEImTRLE. 3.0
X1 3 £ 881 B i P9 B HEHE M W o O AL MR A HL
AL KA RO REEAEBEAER,
T % 25 4% 6% 75 e U 72 HE ot g P kAT
ARERMBFESFHARTRIENL. FH
ol J LI RCRI AR F N L D S L R
UEFHNEDRE MEAFEHFLRTEY
457 951 B, ) B R O A W B B L M LR
BAAREARWANYRERGOENT THS AH
FRAEYRERAMEDRYEE. IEUEN A% T
IR BT RN RE R ALK W el
HUBE, 550, AAR. R RENESOHYEE
B 2 A0 A 02 4 2 B 0 9 9 RO 0, B B o B
AMEERFRRERTHERNEK, Fig. 1 Respiratory rate of soil and earthworm casts
T Y RAEHGHE R TR EERIE ‘
FEEE. A EM% L& T B NS U A AR, o LUm SRR M R R ¥

3.5 [ —a— i W Casts
—— 1M Soil

25 |
20

1571

Respiratory rate

PHRI XK (gCO, /g soil-d)

10

05 |




6 ¥ KEHTF . HhE SRR LA R R 381

% XM

[ 1]

[ 2]

[3]

[ 4]
(5]
L6]
L7]
L8]
[91]
L10]
[11]
(12]
[13]
[14]

[15]
[16]

171

(18]

(18]

(20]

[21]

[22]

[23]

I.avelle I'. Les vers de terre de la savane de l.amto(cote d'lvoire) ; Peuplements, populations et fonctions dans
I’ecosysteme. Thése Doctorat, Paris P. & M. Curie. Publications du Laboratoire de Zoologie Ecole Normale
Supérieure.1978,12:301.

Edwards C A and Bater ] E. The use of earthworms in environmental management. Soil Biol. Biochem. .1992,24;
1683~1689.

Edwards C A. Breakdown of animal,vegetable and industrial organic wastes by earthworms. In; Edwards C A and
Neuhauser E P Eds. Earthworms in waste and environmental management. S. P, B. Academic, The Hugue, 1988. 21
~31.

Zhang B-G,Rouland C,et a!. Activity and origin of digestive enzymes in gut of the tropical earthworm (Pontoscolex
corethrurus). Eur. J. Soil Biol. ,1953,29;7~11.

Lattaud C,Zhang B-G.et al. Activities of the digestive enzymes in the gut of a tropical geophagous earthworm,
Polypheretima elongata(Megascolecidae), Soil Biol. Biochem. ,1997,29:335~339.

Loguet M and Vinceslas M. Cellulolyse et lignilolyse lies au tube digestive d*Eisenia fetida andrel Bouché. Revuee

col. Biol. Sol, +1987.24,559~571.

Parle ] N. A microbiological study of earthworm casts. J. General Microbiol. ,1963,31:13~22.

Urbasek F. Cellulase activity in the gut of some earthworms, Revue Ecol. Biol. Soi. ,1990,27,21~28.

Ladd J N and Butler H A. Short-term assays of soil proteolytic enzyme activities using proteins and dipeptide
derivatives as substrates. Soil Biology & Biochemistry,1972,4.19~39.

Tabatabat M A. Soil enzymes, In.Page A L, Miller R H and Keeney D R Eds. Methods of soil analysis Part 2. Am.
Soc. Agron. ;Madison, USA,1982. 903~947.

Skujins J J.Potgieter H ] and Alexander M. Dissolution of fungal cell wall by a streptomycete chitinase and B-(1-
>>3)glucanase. Arch. Biochem. Biophysics,1965,111;358~364.

Reissig J L,Strominger J L and Leloir L F. A modified colorimetric method for the estimation of N-acetylamino
sugars. J, Biol. Chem. +1955,217:959~—966.

Mandels M,Andreotti R and Roche C. Measurement of saccharifying cellulase. Biotech. Bioeng. Symp. ,1976,6:21
~ 34,

Miller G L. Use of dinitrosalicylic acid reagent for determination of reducing sugar. Angl. Chem. ,1969,31:426~
428.

Bouché M B. Stratégies lombricienne, Ecol. Bull. ,1972,25:122~132.

Edwards C A and Fletcher K E. Interactions between earthworms and microorganisms in organic matter break-
down. Agric. Ecosys. Exviron. »1988.,24.:235~247.

Cortez J,Hameed R and Bouche M B. C and N transfer in soil with or without earthworms fed with *C and *N-la-
belled wheat straw, Seil Biol. Biochem. ,1989,21:491 ~497.

Deviiegher W and Verstraete W, Lumbricus terrestris in a soil core exeriment: Nutrient-enrichment processes
{NEP) and gut-asssociated processes{GAPJand their effect on microbial biomass and microbial activity. Soil Bi-
ol. Biochem. +1995,27.1573~~1580.

Bohlen P ] and Edwards C A. Earthworm effects on N dynamics and scil respiration in microcosms receiving organ-
ic and inorganic nutrients. Soi! Biol. Biochem. +1995,27:341~348.

Stevenson F J. Cycles of soil Carbon, nitrogen, phosphorus, sulphur, micronutrients, John Wiley & Sons, New
York,1986. 29~ 30.

Barois 1 and Lavelle P. Changes in respiration rate and some physiochemical properties of a tropical soil during
transit throuth Pontoscolexr corethrurus(Glossoscolecidae ,Oligochaeta). Sorl Biol. Biochem. +1986,18:539~541].

McGill W B and Cole C V. Comparative aspects of cycling of organic C,N,S and P through soil organic matter.
Geoderma,1981.26,;267 ~286.

Sharpley A N and Syers ] K. Potential role of earthworm casts for the phosphorus enrichment of run-off water.
Soil Biol. Biochem. ,1976,8;34]1 346,



