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Abstract: The species composition and abundance of earthworms are important indicators for the impacts of agricultural
management on soil quality. In order to develop a proper method for investigating earthworm population in agricultural soils,
the effectivity and accuracy of seven sampling methods including; hand-sorting; formalin expulsion; mustard water
suspension expulsion; mustard acetic acid suspension expulsion; and the three corresponding chemical expulsions in
combination with hand-sorting, were reported in this paper. The experiment was carried out in the Black soils in northeast
China under continuous corn cropping with four replicates. The abundance, biomass and age of the earthworm population
obtained with these methods were analyzed synthetically. Results showed that the formalin expulsion without hand-sorting

yielded the lowest earthworm abundance and biomass relative to other methods, especially for the juveniles, which indicated
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that this method is not suitable for earthworm population studies. The mustard suspension expulsion, especially mustard
acetic acid suspension, was more efficient than formalin solution, which acquired abundance 22.3% higher than hand-
sorting. The earthworm abundance and biomass acquired from formalin expulsion combined with hand-sorting were 19. 1 and
9.3 times higher than formalin solution without hand-sorting. However, the proportion of adult earthworms was
overestimated by this formalin method compared to other expellants methods studied. The hand-sorting combined with
mustard water suspension and mustard acetic acid suspension had 67. 8% and 89. 1% more earthworms individuals
collected, respectively, than those chemicals used independently, and the average of individual weight was 1.8 and 1.3
times higher, respectively. The results indicated that unlike formalin solution, mustard suspension was not likely to kill
young or small-sized earthworm species. The mustard suspension without hand-sorting was not efficient to collect adult
earthworms and the ones without burrows connected to the soil surface. However, these inefficiencies could be corrected
with hand-sorting and the mustard suspension application. Earthworm abundance and biomass acquired using mustard acetic
acid suspension in combination with hand-sorting were significantly greater than the other methods (P < 0.05). Using this
method, we could collect not only the juvenile earthworms efficiently, but also the endogeic earthworms without burrows
connected to soil surface. Accordingly, the method of mustard acetic acid suspension in combination with hand-sorting
could be used as a better sampling method compared with other sampling methods for investigation of species composition

and abundance of earthworms in agricultural soils.

Key Words: earthworms; population traits; formalin; mustard suspension; handsorting
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Table 1 Selected soil physical and chemical properties in experiment plot

B HikE fLBEE HHE A LA BA
Depth pH Clay Porosity Bulk density Soil organic carbon Total nitrogen
/em /% /% /(g/em®) /(g/kg) /(g/kg)
0—5 6.48 36.03 60.91 1.24 16.5 1.42
5—10 6.45 35.83 56.56 1.38 16.3 1.39
10—20 6.51 35.68 50.76 1.36 16.1 1.37
20—30 7.03 36.56 50.15 1.38 14.2 1.16

1.2 {5t

B IBI R A T 1043 A R RN B HFA) (AR SO ST AR + K I AR + R ) 32, JH v K R 391 32 340 Sy T BRL i Jon
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15 em M4 JEHESR A 19110 em, 4 16 DHUREsLBENL S 4 41, BEALSEBCH A — 41 F 5™ 42U Y 60 cmx60
emx10 em [ H 5T G 2148 I, 3k 0, W 4R ke 051 5[] A i AV 326 R At 3 28 BORE A, ) A P9 43l AL 12 L
0. 55% MR IR ThARIA R 12 L 15 o/ L IR +K BRI 12 LIFR+ZBREWR . N TR 5K R 78 /iR
G VBIT AR ST 0.5 mm B, JFR+ O RREIRELHI TN o6 106 ¢ TIFARBINA 1 L 5% W LR it
BRI HE 3:200 B9 LB FHK R RS Chan H1 Munro! "™ AF5¢ & B8, 44 26 g, 53 g, 106 g 5 312 g T-IFA MM
A1 L5% MR EGIEW, IR G 3:200 B8 3:100 (1 Ho 4 FH K F B0 A5 19 8 Fhife 3 1 B, 106 g F1I
32200 B T il 5 A Ak VR 4 M | 0 255 SR dic PRI AR SR R VR B T B o AR H 5] T A i o b e 1Y)
W, T S FHRIEALS S SISO FAS R i 1—2 h RIS HERAE , Bk 60 cmx60 emx10 cm F- i rh
BB A e IO R A T R SR O RRE
1.3 St SER

FH SPSS11. 5 #A4H PR 28 J7 223 HT ( ANOVA ) XA [] SR AE T 12k I 00 45 g e ) = 13 e A= 0 b B0 00 7
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SRR AN | SR T A T 19 40. 8% , AT UL Iy T4 KA I 5] () A R E AN S TR /A
PR Is] (8 LA T E I 5, PR + £ BR BT A8 R E BT AR + /K R T A T i v, T DA AC A 380 A e 5 50 o 1L T
PRk 42 22.3% X A RESE N 9 T4 25 50 AR Ak /N AN A 5] (0 8508 ) T 2R S Y UG AT LAk 1 e | i) b 6 7%
Bl OREE S R ol HOR BB, ER: S FH 9K R RAE 25 5 ok o A T H I o C 5 b SR AR e 1) 1 & A A
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e, (AN ) B 2T B, Iz S - R SR LT i A (3R 1), R R S ARORIT SR Y R
BRI ( ATTC) R RE 2 — R A2 B (R W R T, DRI S AS R 3% 7 R MR S 450 TR 1 J2 ) - A 7R e s 3 ik
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R F A 3] i e ] 24 L TE IR ) o8 T2 R W] ( Eisenia foetida ) FNAE 8 2 EWS| ( Eisenia hortensis) 3, 26 i AU
Welsl, 4G THREEENE 3 ROk JURA RO B B 5 & (P< 0.05) o fR /R BRI SE & TRk, DA 1Y i
W51 =E B A= RS A AR 1 A i) R B R BT A 19. 1.9 3 A0 5 4%, Wk 21 5 TR G EER T
DR AR BE AL HH bR A PR BRI A/ N BT AR B IS] 5 T R+ /KB TR + CRB R 255 TR0 5 Wi gk 2 i i)
B o3 s 1 67.8% F189. 1% XA /02 5ok 19 1.8 F1 1.3 A%, BT AR B 2R 58/
P AT B s] | AHL 203853 KA A e 051 K23l 7 AN 5 b 2 A 122 1) i 451 PT B O AS R gl LB GEE 2 b 3R, 25 5 4R IL 5 AT
PATRAM XA GG WA B /D 5 R AR 0 15 ( Apporectodea longa) TR+ O R B R4S A 420325 I I F4) ) i s
FEE A EB R E T HAI % (P< 0.05, £ 2), 3K FHRIEAHLS G, BEAT DLSCEE 21 51— H 3K
T LA VACEE 2] ) A 2R e ] > 5 — D T i A 2 IR U ST DAAE —SE R R AN AR R B AT L
ORKEE HY e PR P sl T3 AR rh PR B 2 BR 12 i ] o PRI B ARSI A 380 A v X - S 2 A o B IR
HOE R 1 R AR b 0 o i 5] 2 B AR AR SR A B A AR, R A R S A Ty, BIK R 4
A TR RIS,
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Table 2 Abundance and biomass of earthworms extracted using different methods

. FFAR+K L .
Y S by oy
- ik + R
o eRekBW Hokeomam R g JTAECOE
: . iR AR I L HETRE HETFRIE
WiRiS FHE F " Mustard water ~ Mustard acetic F i Mustard water Mustard acei
ormalin 'ormalin ustard acetic
Methods Handsorting . suspension acid suspension . suspension . .
expulsion . . expulsion and . acid expulsion
expulsion expulsion expulsion and

handsorting and handsorting

handsorting

EBE Abundance/ (4~/m?)  ?46.5 £ 4.7¢ 2.8 x1.3d 451 +4.6c 56.9+5.9c 53.5+4.0c 75.7+6.4b 107.6 x 10.5a
APt Biomass/ (g/m®) 10.1 £1.6b 1.0 +0.4d 4.0+ 1.4cd 6.8+0.9c  9.3x1.6cd 12.3+0.8b 16.8 £2.8a
2 B BRI ; B0 5 A [ 7 BER R AN ) 3R 1 7 2004 3 0 851 B K A2 T4 7 0. 05 JKP B A7 3 22 5

2.2 Iy R B B A I 41

RIS Iy M S S5 2 AR FE1 1), TR 75 AU 590 4 B 081 ) 2 B H 00 1018,
SNAF MRS LRI . 520 X 0 TR £, TRl 0 - WO S 3915 P o R 2 o P, PR S 7
o 5 RS 3/ A PR 151 5 T 2 Tk 4 (0 PR R WAL 0 60 5 L 120G 1 — R IR, s
20 -4 Mo T 5 AT AP 55 2 i 0 T2 DR X 00 S 06 it R A
HEARI R TR VAL 7 M S 0 AP B AP M SO , 9 H A7 LT 280, 3 750 06 47 5 24 1

15 BARKEA SRR, Coja 250 b % FLAR /R Th bk 7 0 4 39 10 401 4 M 08 8 G T 40 0%, 20 W ke 75
0. 8% B W JL-F WA BN L AE US|, R EARES & F-Hik 2 05 SR SR 32 B A AE Py i 24 01 b 38, (LB 2R 38
BRI G /N A A i IS AT AN 25 25 B IS B S BUSAF M 5] FE BTSSR W K (1:1.4) TR +7K L IR + LR
TR DA A T LA SE 31 K 4 A i s {2 B A e ] A 850 L PR, TR P R + KBk . ] DA
A 56 I 2R + 7K B ) BRI T 4 A i 5], IR + KB A BE A RO AR M ], ORI R + SRR
J&  SAE M S B AN B (AR R A0 R 2.6 155, AR BRI (P < 0.05) . FFR+KERSES
TR T, AR 0] = B N AR S A AR M s E R 1:6. 4 H9 % 1:2.6, Lawrence £l Bowers"”' 7E A
[ 5 2% b B X e 45 AR RR IR A T DRI R+ /KB TR 25 6 T 4512 T LU &80, FH 000 7 22 Fofr -+ 3¢
A A R A A b 45 B AR R BT R+ K B O T R + SR B S HH45 6 FARE T AR, o7
K+ R EE A TR0 5 ARSI AT S ) A i 5] == B 44 o 28 3 T A 745 (P < 0.05) ,fH =3 [ il 2%
AR (H 1:2.6 9% 1:2.5) , AT WIT R + SR B 7 WL AE ARG & TR0 Z 04T B 5 o v ff b 52 Bk 451 14 42
5 L

25 LRI ASTRIAF S BAS [R) A 25700 P e 5 XoF 5 50K EE 5510 49 S5 1 AN ) ), 42 vk Bl et R sl o A= 1 7
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Earthworm abundance (4~/m?)
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1 2 3 4 5 6 7
W8] RAE J5 ¥ Earthworm sampling methods

1 FE75E T M5l 4 i B A
Fig. 1 Adult and juvenile earthworm abundance by different
sampling methods
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