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WE G REJLLARH TE LY KRR, FAFKERT, K TFEMB (Eisenia foetida) X 7 R R A [R5 # 2 E AR
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Efficiencies of earthworms (Eisenia foetida) decomposing forest litters
ZHANG XUE—PngI » HUANG ChU—LOHg1’2’3’4* » L1 ]ing-Ke5 (1. Life and Environmental Science College, Harbin Normal

University, Harbin 150080, China; 2. College of Resource & Environmental Sciences,Quanzhou Normal University,Quanzhou 362000, China; 3.
Northeast Institute of Geography and Agricultural Ecology ¢ CAS ;Changchun,Jilin 130012,China; 4. Graduate School of the Chinese Academy of
Sciences s Beijing 100000 China; 5. Yecheng Trading Co. . LT D, Dandong 118000,China). Acta Ecologica Sinica,2005,25(9) :2427~ 2433.

Abstract : Earthworms form one of the main soil animal communities in the Maoer Mount Forest Ecosystem in Heilong Jiang
Province. investigated the earthworm biota and its ecogeographical distribution in relation to abiotic environmental factors. For
proper management of the Maoer Mount Forest ,additional study was required. Here we evaluate the function of Lumbricidae in
material circulation and energy flow in this forest ecosystem. The earthworms (Eisenia foetida) were grown indoors in typical
dark brown soil and the leaf litter from Birch (Betula platyphyhila), Poplar (Populus davidiana), Korean pine (Pinus
koraiensis) , and oak (Quercus mongolica) from Maoer Mount. The experiments were divided into two parts. For six months the
earthworm’s feeding preference of the four species of leaves mixed with soil was tested. In the second experiment, the energy
efficiency of E. foetida was calculated from measures of (O, uptake by worms using a SKW-3 Warburg apparatus and the caloric
value of leaves was determined with a GB3500 calorimeter. Earthworms ingested leaves preferentially according to degree of

decomposition, Fresh leaves mixed with soil ranking is for: pound birch, pound poplar, pound Korean pine, pound oak;
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whereas, for decomposed leaves on soil, pound poplar, pound Korean pine, pound oak, pound birch was preferred, it is almost
the same ranking for fresh and decomposed. However, the ingestion rate for decomposed leaves is higher than for fresh leaves
of those species. The experiments demonstrate that the main controlling factors influencing leat wastage are plant species
composition and degree of decomposition. A mixed forest is better for earthworms ingesting half-decomposed leaves and
needles. The earthworm population’s biomass increases at the end of spring and again in midsummer, but decreases in early
summer and autumn. The decomposition rate for leaves 1s positively correlated with increasing E. foetida biomass. E.
Joetida’s feeding rate increases with increasing temperature indicating that population size and ambient temperatures are
additional important factors in leaf material wastage. This energy study confirms that agreeable conditions can help increase the
ecological efficiency of E. foetida. The range of changes are from 2. 34% to 9. 92% in gross growth efficiency, from 28.95%
to 90.86% in tissue growth efficiency; from 8.10% to 34.27% in assimilation efficiency and from 65. 73% to 91.90% in
dejection efficiency. The percentages of gross growth and assimilation efficiencies are about double that of millipedes. in the
same research area. This means that earthworms play more important roles in mass transfer in this forest ecosystem than
millipedes. The faster material cycling in sub frigid temperature zone can be done by increasing the biomass and density of
earthworms and by optimized deployment of different species of plants as well as changing environmental temperature and

humidity conditions.

- Key words :earthworms ; circulation of materials; energy circuit; ecological efficiencies; forest ecosystem
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W ER, BE VIS A& R E A  RARE IR E MR OB 22K
1 BRER )
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2.2 MEBIAESHBMELE

BT BB AEBZARESRERBR S PERG K/ R, AR P58 3 0 K o 51 FF 0% 58 B, 5K H#E E BB , #F T 31 5. 4z %5
KRR ASSCR, IR BN E R ANEEREERE . U EXE R SKW-3 BRI E R E N (Warburg FER A . 3 5] F 5 K B it
18 FREHREE, AESHRER. BEM PR/ 0. 2ml, B T B Wik 507 4 59 CO,. KIBFRE 25 C . #ll 25 [8] 7 Smin,
s W E 15 RECEX(E ., et HR Rt 32 AR R RO 351 B #E 2ok A GB-3500 BUE A R B IT Il E 5 IKAGE
. MBI SUEREIYREE IR FEATE:

C=A+Fu, A=Pg+ R, Pg=Lf+Pr,BC=Pr+ Lf+ R+ Fu

RXb,CHEEE A NFALE Fu IERE Pg HARILE R AR RE,Lf AREDE,.Pr MEBRRBAETE (FHEENS
R, XKEAEFIBRFBANSRESHEBRESRR.
3 ERESH
3.1 ESIEYREHRPHWIEERPR
3.1.1 SEEIEMERE

(DM FREEE EROBEHARF  NEHESREBSSEXNHEERES B X R BHHREREFKIKNE ﬁ>%>ﬁ
M>ZEHRE D, EERARKSEBH AP AMBEERK, MESHFRERE, —SERH, mELE N, FERENETR
KA RO, AR RBMET T OEBRETHHRAS R ESEARATHEHMAYHE" B AERESBHRE TEZHHE
W B & L B K AL A 4 42 1A i 0 81 T B Bk T2, MR C/N B 9 4 IR ) B % il ) e D21

FEXSETHAP AN EHEHIEBIESERAWEERE EE LSBT RERTFERSFBHARE B L0 K E RN
FEAAS , T o 95 Xt (M R BB SRS B M2 EsmE A3 AN OfRSEE T X TaE,. &
MEEEAEAMNARTEABRELIISER, IMERSKEN XTI LEERERE-BSY, WM FfRfrt 7 EAeE
EEEHESHEEREFHAISEERE.

BAWHANEERABIER TR RSB FHHEER 6.378mg/(d « g), B4 b B K WA 3256 B4 09 T $& 1
— 3t , L R IFIRAAE BY T ¥E o % o 89 00 3 7 7%
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Table 1 The average daily leaf wastage per biomass of earthworm from May to Octobor
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FH I & i Bk Mongolica oak #s Poplar Z1 ¥ Korean pine B # Birch ¥ ] Average
1 t S
PR e v, V. v, V. v, v, v, v, v, Vs
% 4} Fresh leaves 2. 44 42.1792  5.9367  112.7053 4.7886  83.9758  7.3048  133.0448 6.378  1040. 8695
LY
i+ D sed
f'é%ﬁjr ecompose 7.9032  120.7563 9.4155  160.6775 8.7062  140.6134 5.2292  92.8682
eaves
B& MY Average

5- 9958

—

x ERMIEXAAE T EALELR, TRV, EXHNHEBEERFEN AR EE (ng/(FWg - D)) V. RAEMEBIERS RIBREN A EE
BHEE(/(FWg «d)); V. BA T EE XIEFE 4 FH A (SERSBHRE BT EEN FEHEFK(J/(DWg »d)) The data are from soil

breeding experiment, so is the following content;V, denotes daily leaf biomass decomposing rate by earthworm(mg/(FWg « d)); V. denotes

of Mixed leaves

daily leaf energy decomposing rate by earthworm(J/FWg « d); V., denotes average daily leaves energy decomposing rate by dry earthworm(J/

DWg « d)

)R FB R B e 5 A A9 ST IR 0T L 45 6] X4 4 A 6 IS HE RO B K TR A M IS RE R, Hi R 1 A
K1, 4 Flk 5SRO 9 T P AE R 5. 1175me/(d » @), 4 R4 0 HOF W #E T W 7. 6385mg/(d + @) , AT T 4F 46 X J A 7R
R &R SR .

K7 85 X B 0 S B P ) O 7 P 9 6 B0 B O X 2 4 A 0 T R BB B K R 40 R B0 T R B L R T BB R 4
W O R BRI A A A B BEAR £, 3 AR M A0 T AR R 4 MR K I ML SR T HE O DY B
F T4 980 35 £ , 4075 ) T 061 % 7 O 1 R4 4K B TE S T 9 I 4 A% o o 851 5 8 9 60 U R D AT AR AR D B 91 A 4 M
B B — 4 AR MRS B 0 A DR T A 98X T S A OO, TR A A, R SR N A R AR
SRR S RS R N PR KR R E S 52 BA RN E R
A HLEE A0 BN Y. AT B EYIERRR. LA RO REY . SR EE. 5.0 %S
W 4 6 BT K TR A R T R
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3.1.2 ZHHEHAESEGHETSHENS N

(DEBAGFTE D, 2ELATHBEMNEAKREAEKEN 5. 3482mg/(g « ), ME/NIEE 5 E, A& AFIEE,
BECSAM FRXGABUUMENE, WG A KO AMURERE,

EFFEREN BN EA LA R EE NMEKPENENKE, BHITIKRE, RER 31 FKIUEH 23 FHEEKXT 0. 6g, %
SRRKEBEBHNBEAKLEO.5713g, RRBMNAEERERN 24mg/(d « ), REBRHEAKER 72% . WM/ ERHR, MEEE
WME, AARAHEEXPAKE 1. 358z, RRANAEMER PN 263mg/(d - g) , MEESFEEAEN 790% . KENITELIZED
PR¥THY 34. 44 %, FET-HI M G LR MABA 16.67% . NS A RNBETHEREE SHARKER 7 LK FHEE.5.7.8 ArA
WE,8 A ERAK,8 AN FEHIMEEEL 49.69%:6.9 AMKE,) AMRERE, FRHREEEIL 2.55%.
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Table 2 The amout of biomass change per gram of earthworm and its percentage in the dishes

iy A

Bt 8] Time 5 B May “6 H June 7 E“July 8 A August 9 A September
_ AB P AB P AB P AB P AB P

%% 25 Dishes

(mg/(gd)) (%) (mg/(g+d)) (%) (mg/(g+d)) (%) (mg/(g+d)) (%) (mg/(g-+d)) (%)
¥E7k Fresh oak 7. 259 21.78 — 8. 903 —26. 71 0. 885 2. 66 —2.185 —6.56 — 4. 028 —12.08
## Fresh poplar 7. 698 23.10 — 2. 142 —6.42 — 5. 631 —16. 80 2. 833 8. 50 — 1. 884 —5.65 .
¥AA Fresh korean pine 13. 342 40.03 0. 000 0. 00 7. 361 22.08 — 6. 966 — 20. 90 1. 141 3. 42
% Fresh birch 6. 584 19. 75 8. 987 26. 96 3.321 9. 97 13. 432 40. 30 2.539 7.62
¥k Decomposed oak 6. 941 20. 83 — 0. 880 — 2. 64 4. 003 12. 01 0. 746 2. 24 —1. 563 —4. 69
B2 Decomposed poplar 6. 770 20. 31 —5.168 —15. 50 0. 810 2.43 0. 694 2. 09 4. 341 13.02
z‘j Decomposed korean ;. 11.19 9. 505 28. 51 1. 050 3.15 2.758  8.28 —3.482 —10.45
¥t Decomposed birch 13. 634 41. 81 11. 232 33.70 4. 960 14. 88 7.259 21.78 —2.034 —6.10
B4 Mixed — 2. 490 — 7. 47 —13.063 —39.19 17. 428 52. 29 130. 501 391.50 —0.952 — 2. 86
W15 Average 7. 085 21.26 — 0. 048 — 0. 14 3.799 11. 40 16. 563 49. 69 — 0. 658 —1. 87

AB RIGBMEEVFHEAE,P B B 4G FIyigH >

biomass increase percentage of earthworm

(2) ke 45| X 9% 0 64 TH FE BE 7 5 i 451 b B 4

RO NEATX ISR 5 A T

B E AL

%, AB denotes daily biomass change per gram of earthworm; P denotes average daily

E LB S SRR (G
- A, AR R B B M 0.6574,0. 8627,

C IR 3 M R A AL AR B K& A 0] E

.CHEBHEES K.

-
—1

0.369,0.7188, 8 Ay B ¥ {55 {4 =

THFAERRK,1K 9.42mg/(g » DU |, ]

iy 5]

FEIRERE MR R, K 49% A £,

T Y& H 78 5 Wi 5] A B

A TIHE .
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AR, A TH AR B BRI, Bt , 38 0B L 1L R AR Sl 450 Fh B A2 P B2, T 3% o e 51 B AR

3 EHEHERANEBIAEEARERENS

Table 3 The dynamics of temperature, wastage of leaf and earthworm biomass

A 17 Month
I} Items
Kl Trems 5 6 7 8 9
oM BIEFEE (WF)Total wastage of fresh leaves(g) 2. 5965 2.7721 3. 4598 3. 2448 2.5959
X B TS RE R (WD) Total wastage of decomposed leaves(g) 5. 8299 4.1221 4. 0836 5.0138 4. 3203
BEaM SR (WM)Total wastage of mixed leaves(g) 1.1216 0. 9513 0. 8803 0. 426 0. 5394
A B # B (EA)Total monthly wastage of all leaves(g) 9. 5480 7. 8455 8. 4236 8. 6846 7. 4556
88 E LR (ADB h omass of
ARITREUT &5 0 S H A H0L (4))Biomass chang per biomass o +0.1831 —0.7714 —0.1058 —0.0499 —O0.1477
earthworm in fresh leaf dish(g/g)
f v e By AT (A)Bi ss ch bi s of

IR IT 4R ALK B 4G (A ) Blomass chang per biomass o +0.1431 —0.4382 +0.0093 +0.0682 —O0.2867
earthworm in decomposed leaf dish(g/g)
B4 Y AR (A3)Bi ss ch bi f th
E =) fﬁﬁﬁ&%lﬁﬁﬂ’.ﬁ ;)Biomass chang per biomass of earthworm 0515 —0.2428 +0.4090  4-0.6227  —O0. 0285
in mixed leaves dish(g/g)

IY; S AR (A4) Total bi s ch bi f earth
By 18] F B AR 1L B (A,) Total biomass chang per biomass of earthworm 40.1537  —0.6101 40.0159  40.0953  —0.1911
(g/g)

V B HIE EE)Even dail L bi ss of

NI A H R 8 (EE)Even daily wastage per biomass o 8.4150  5.4330  8.8878  9.4173  7.0077
earthworm in early month(mg/(g « d))
H ¥ i (T)Even monthly temperature( C) 16. 35 19. 48 22. 98 20. 46 16. 22

CTURREE - TERRE ML A EEABNELARARSEA AMBABENILE:A BREER BT EARAES SGENEERIK

He; i

Hif ML FTEE;“+ "denotes increase, * — "denotes decrease. A, A;, A3 denote the total monthly biomass chang per earth-

worm biomass put in dish in early month;A; denotes total biomass chang per earthworm biomass of all dishes;obituary earthworms include into

the decrease biomass
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GEEEHBEENASTHEA BEHEAEAERBSSKEBEHXESMERAG D . A2BHHLHARSVEMREMEX, HXA

B r=0.947, VRSB EPHBIESET S . HEEAHHE., X RBIBHAHEARRIHHTASEARESIBMHEXAH
B85 BG4, HMAMNESLEETSHESKBETABIENRX.S ABRHRSMBHMESFEHETPRIEEHEEN S, Hi¥
H E%‘ﬁ:@k—— i Ay, Bl 5 B T EMETIEASFTREE,6 BMMERAT, LB, IS5 HER 8BS E L.

HEHByGEAENEESSEHXAOWERH . EEU~SAMPYEHERCZE THEAG . HHEENSES LB
THREBENZ, M SHFER D EIEN I/ MIER.

S, AR FEARE FEAYE . BEERE WS 2NN EERE  IRFM, 55 R KR 3T b 55 19
RENDMAENSCEEEER SIS BRI 088K, UL i & F AR B R IR K v] 1 35 4 5 R B2 W) B 36
HIE R
3.1.3 EJLILENEREYSBIHTR HERMLEBHEEENRERE 10~30CZHE, EARLR B EHE, Xk
93 43 8 Rk 150d B b, 4 ANARER IRRAE BT 6 5 4 Y B 3K 8. 036g/m?,4 MBI B E Y E N 885g/m?, Mt T & Y
808. 096g/m?, .

(DB HIEBERELRGE DER GBS SHHAENE PHEESERBERESAEE)IN 6.378mg/d - ¢)  FEHER
AR, B, S EWEEETE GE LI XEFHEH BN T 28055 150d X 6. 378mg/(d » g) X107 g/mg X 8. 036g/m’
+808. 096g/m2X 100% =0.952% LA k., M AKX iEEEFEXTEED RN 8. 08t X0. 9520 =76. 922kg.

(DB HEMHIEE B RMAEME 27mg/d » OIS E B FEHAETESEIILLB K EFHENERN G 5068
4.028% . W42 BIAK X i 55| 75 FE B I8 % Py B O 325. 46kg.

Bz AEw % I EERE D ERAE T T OREM 0. 21 U BIRIE TR W 2 H YR F &K 8 W LR F X E N
SR EERERE .

B BN RERTREW . EVENSBREERABELAMENEEREXNIEBNEE = TEREEVIER. A
BEAGBABEESAMG B NEE YR DK N . BREE R AAEEAE 27mg/(d « @) > KBRS A T AR (¥
Ay R U MR FE M B 7. 6385mg/(d c @) >R AWM MEIEI EE 5.5958mg/(d « @) >R BT RIFEWNEME 5. 1175mg/(d * g)). P
i, i FR AR B SR IR BT A% 14 T 3% 0 gk WL RR BE AE A TR TR BR R B9 PE
3.2 EBAEZRMKESRERERIITHER

MR EHRMOMREGESEYNSIYZEBREBHASDIBEESEREERISIBN - TEERT ., HFHREMIK L FEE
HKHEEEE R %, HEL S EABEENEER, KIS UAABIE M MRS F TR, 650 LA & e IR 47 X3
MEEN, AT AT H KB B k. X T X HFERHR, BRTEANHRERD B ILILARK A BRI R YK — i
BT RERNE O NTTHEEFRKESRAEBRIIPHERARDELEK.

3.2.1 EBPRE SLI3ZREENE.SIEBIATEHERELLN 10.65% ., EREWME LRI 1206 ~210, HZE 5| Al HE
i T E By B 551 7R A

15 YR WE WG So B 18 3 (9 45 3% Brodie MR = E I FHE N Ah=4mm , 45 4 5 F &K E A 0. 5968g, L HE A 450u], ME
it [&] & 0. 0833h, |

KR SE 2R B2 20987, 5ul, g /N BRE R V= 200ul, W] V,=20987. 5— (2004-450) =20337. 5pl . KR E T=273+
25=298, Z¥ «=0.02831,P,=10000mm,

#f K = [V, 22 + V) / P RR1B K=1. 8637, MIAEH R X =0k + K =7. 45485, 3517 5 784 86 5] °F- 1 3882 Dy 149 96

FWg/h , I 4 38| - 14 #6 4 BE1H R~253. 45]/(d + DWyg),
3.2.2 EBAESHFE
(DEFLREMHEYHTENSTAESKE HFE 2048 P,=5.3482mg/(g - d)=103. 26]/(d + DWg), & 5t {kE
BEEMNFEHME C~~1040.87]/(d » DWg) (FE 1),
BENYREEESERFRA,BEH R=253.45J/(d » DWg), W A=356.71]J/(d » DWg), Fu=684.16]J/(d - DWg), £
AL s AR ERTREYHEAR . LF=0, W Pr=Pg=103. 26]/(DWg - d),
HIKBAE PR AR LR EIEE A A SHEMT . BHEKNE Pg/C=9. 2% AR KB E Pg/A=28. 950, FLRK
R A/C=34.27% ,75FF Fu/C=65.73%.,
(DA R LK IHEEERKAN S ABEAYTEN P, iHE, 1B ALK BB RALIERKBEN P,/A=90.86%,
(3)# Satchell A" C=27mg/(d - DW) I H GLEHIER A4 LR # 4 M P IE, BMKRE P,/C=2. 340, F

Limiy

2 H

Il
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L E A/C=8.10%,#EFHR Fu/C=91.90%.,
GL HATERFENETEENRT BARETHEREERMAEMEH, THSMHAESEBENEE N . BE KWK, 2.34 %~
0.92% s SHLIMKAE,28.95% ~90. 86 % ; [Al 4L % ,8. 109 ~34. 27 % ; ZEME FH,65. 73%~91. 90%.

4 ¥
4.1

it
16 3C Ak bL A AR B A ) T i 451 Xof 3 R AL 0 A 2R B

SEEIF AR LN REREFARRY, TREEIET, ERRTHET . BRHHEERBARTAME T MERE
-, 156 BF BT ZE 41 P4 AR R 5 o MR AR Bl Fp A 4, LA B AR P A AR 1B, IR BRI E S AR M R . REH B aBB X TR,
AR FREBER, EAAFRR A ME, AR FENRSE. AT HE, BRI KESEENEREEMBTESREA
AR 1, IR P T P » A A T bR P 8 851 B AF 4 A0 BEFE , A TV 58 00 PR PR 9 o 51 30 B AR 3R B AR L IR AR X VR BT RG
BEE ASSHARECKIEXZRIARK G EA /DTN B0, 578 0 1 o i B L e dE - & /b, T 53 #EAR RY S 51 308

&,
4.2

RSB E—ERE LHUZERYRERL R,
3% R 44 19 O 95 %o i 35) B AR ) AR 7R R BR S HE 9 A

YIRS R R R ARSI AR R E RO TN AL RN EMNB R BRTEELNN 6.378~27mg/(d » g) ;BRI
BB 3 10 3% B AS Tl 9 AR 35 T i 6] B &% PP AR SRR BRI B Bl Y0 Bl L R U , o i 5] A 35 2% 4 BB DR W BE 32 v i 451 B9 90 B 9 Y
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