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Abstract: [Objective] Effects of earthworms of different ecological classifications on water infiltration of the soil in which
they inhabited were studied. [ Method] Epigeic Eisenia fetida and endo-anecic Amynthas aspergillum were separately placed
in soil containers to compare with one without earthworms. In a vertical one-dimensional stable water potential infiltration
experimentation, the wetting front movement, accumulated infiltration, infiltration rate, and moisture content of the soil in the
containers were monitored to analyze the correlation between soil properties and presence of the different types of earthworms
in low-density at 4 g‘kg71 or high-density at 8 g~kg71. The Philip and Kostiakov models were applied to mathematically
describe the water infiltration function. [ Result] (O The existence of earthworms simultaneously reduced the advancing
distance, advancing rate, cumulative infiltration amount, and infiltration rate of the water wetting front in the soil, especially in
the case of low-density 4. aspergillum (P<<0.01). The effect was more significant under low-density than high-density of the
earthworms. (@) Water retention of soil changed with the earthworm-induced water infiltration pattern which increased

significantly by the low-density 4. aspergillum treatment (P<<0.01). ®) The major driving factors on soil that affected water
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infiltration attributed by the earthworms were electricity conductivity, available phosphorus, and sand. @ Kostiakov model

fitted the correlation between the soil water infiltration and the earthworm treatments more than Philip model did. A high fitting

accuracy on Rjq;<4.80 mm was observed on the treatment by A. aspergillum. Moreover, A. aspergillum also significantly

decreased the attenuation of cumulative water infiltration (P<< 0.01). [ Conclusion] The water infiltration could be

significantly lowered and moisture retention raised in a loamy sandy soil by the presence of E. fetida or A. aspergillum. It was

conceivable that, at the density of 4 g-kgﬂ of A. aspergillum, land of similar kind of soil could benefit from the improved water

holding capacity as a result.
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0 7l

[ BF 58 Y 7K 0 Hb S 45 A 7K A iE 98 0% %
MR R A, Al A P T R A —
I FE K B A F AN 3211.48 7 hm®, 24 5 BF s T AR
25.12%", WEWE KRR E AL KRB 2021 4 (
[ KGRI AR ) Geit, T B S bR T K 2
5325.00 m™hm °, A< FH ¥ W K A 2R 2 BRI R
0.568%), [t , VEPEE R BIEMR A, iR
B 7K W 3 5 - R IV 7, A s e Tk £ 2 7
KEBRGAFMEAEEE L. [RTATRHERE]
A i R S R K R T K 2 5 K 4 A R 1
SRR, AR ] b K 3 75 A W X K 43 i T
FIFIRRRE , AR h Al K B8 R R A3 BRoe
A R TR 00K R b S A R B .
FL B IV T P DR Rk BE . BB TERE
Z AR i LR R R Y
o, RS ST B R R K A AR R
T 38 £ 2 P JO ) 2 B o MK A A B R L 4
W, A4 R AN S T 2 S S L A A B A
AR, SN K A ERED . M B E AR
Jie T JEITORE (O IR 2 ), TR 2 ARG 98 A R 1A
AL G R R 3 I > € S v 3 o] BT B OR Gl
LG, MR A B R A S L 5
Y A 25 R G S AT RE R SR,
REHRTC . BRI SR R L R Ak
FasErE . FRKERE . LIRS . A LR e
IR, ST A A", Capowiez
a5 B 1 K S A8 R th PR S i 5 e
He L R SR e (.l T I M 2 B B Y
TEET ATy, H b2 B T 5 0 A I R SR
2, A5 KA A L R A AR ALY i 15 B
BB LR, B LA . BFREY, AR
/I VA B 0 R R 2 [ HE S e T R LB A 4
i, HEMT R0 SR K R . B ARk R E S,
AN, ISR S T B, SR i, MR
TR R RaSE , T4 R L A R I L 8] 2
WO ZE 3 OB T RS KBRS K I LB,

nu\:

AE 1B 0 R AR K RE 1Y TERCGE LI, W13
T L3 e 2 b 3 A% I e AR AR 09 £ e g SR 1,
G KN T T RELRE I, I A 2 A 2 T
WK BERE, WZE T KA AB RN DARBIEA
A1 R SG1E BE AR () 398 Hh X K S R B — B
52 KTE . HRET 2B AR h TR 7E B AR SR
X K 433 A B S T ek P ) e R
KRS, LHOKA A B RN, R
W ] AN ] A 25 24 P00 R B o 7K 356 b - R LU 1A
BRI RS B RS L AR e B O B 1) B A
SCHE I UL B AR M —— B R T2 W) ( Eisenia

Jetida ) FAE T HO X T U2 4515 10 VA 415 80 2 4R S o i)

( Amynthas aspergillum ) HWFFEX %, KHA—4E 2K
> w5 Y ST WL N L T A = B L ) 5 N
BIERE S K 2R, LU Sy i 5] 2l R K g b 1
K3 BB S B ER AR
1 M55 %

11 ik et

A - A P RS R | AR R RO KRR Y

(23° 16" N, 113°35' E). H¥REM LEXAT, &
bR BRAE 22 W )5 0 2 mm 0, CEEARBAL M BTN
pH 6.93, + A HL#K (Soil organic carbon, SOC )
18.60 g'kg ', 44 (Total nitrogen, TN) 2.04 gkg ',
4% ( Total phosphorus, , TP) 0.28 g'kg ', 441 ( Total
potassium, TK) 24.38 gkg ', Hb ki 83.4%, # i
9.2%, ki 8.4%, i 5 [ il - 550 SR HE T RE o HE
4o BEREMA LR X T E VI 2 em (3
R, HIEABACYETT . pH 8.07, A HLEK 301.00
gkg!, TN26.67g'kg ', TP3.11g'kg ', TK40.03gkg '~

A2 ] Sy 2 A7 4 % 5 % M 051 R R AV B S R G
HW, 435k B AR AR M K 2 e 5] 5% B A b e A
Y. EEEAETERE-FE, X h—-%. A
A SRR Y e | AT AR RN . B SR R MR Y
0.5g, HAZRIZEBIZS5.0g.

1.2 R E

R Hf e ] 0 Fp S RN 5 P AR s 5 AR B



R %, AR KEREEASBRER YRR E SN 1369
THEXTHR (CK), K% R T2 WA (E). KR
BB TR M A B (E,) . IR E5 B SO0 B (1) W IEB 5 AR ¢ 25RO &
AbFE (A, RIS %S RIE FE L (A,), Hp Feat 1)

IRE MRS 4 gkg ' BB 8 gke ' MALAR
3,

BT 2021 4F 10 7 & 2022 4F 2 H AEAERE RO
KEF i g Fe b A7 . R TEE SR B Al ke
25kg BIETHAR 15 em. & 20 om WY R G
TR R A ML R 100 g, il A 25 C 22
F, REEREE 60%~80% Ay H Al FE K=, Mk
W 55 3% 30 d; A el B . A I TG R B Be b
WG, AR IR T Bk s A SR s, R SR
60 do HEFRAS G DAR IR PEICRE . N Tk i e ]
KA 58, XU 5 B /N R 430 2 45 Ak 2 - I 1 3
PR, FEA 0 S F TR E AT B R

+ 3 pH, H %% (Electricity conductivity, EC )
HRINTE COp K B oK BTt b 1:2.5 B 47, 73 5 A
pH 1AL S 3R AL %€ 5 SOC R H 4% R 4 AN #h ik
WE 5 TN SR APLRE BB & ; A (Available
phosphorusm, AP ) & & & F ik iR & g 3= $ ——4H 86
YLkl ; A (Available potassium, AK ) %
iR OB R —— JA I WROE I E s T
BLA AL AR FH WA s i AT D, DL -t ki . &b
L, O R A LR AL R AR AL

K JH— 4 7k Sk T FLRUK AB L 0 A
BE, ABREMRSINE (5 60cm, HiL6cm)
FMEFE (42 5em, B25em) WEAA M. A
B IO B A PLB (5 mm B ) FIEMAR, +
FERCHR 2 3 mm 5] 3 A B HE AL . e AT, i
BREE MRS A, 78 AR P RE B ISR R L
TRy BT IEA R AHERAL, R B
10 cm B UEAR . FHB 1 AS T 1.35 grom MR 1
FE, BWEELIEE N 2om, HFE L85 %E, Mkt
BRI, AT BN HIEREATE., K+
WEHRH20em, F2emEE+FEFH N 2121, 5
IR K E 5 om, BUKEE R 3 ecm, 7EIE
FIJC IR % N AT A B, DADSSS & K43 iy R
KK NBIFIRIT, & B2 5 A it D) UE I 3 1
Bizt%, 0~10 min WP E 4 1 min, 10~20 min [7]
F% % 2 min, 20~40 min [B]fF5 5 min, 40 min )5 8] fH
9 10 min, R IEEEAEDEEE B 2 20 om W45 IR, HRLEfE
KEZELH T HAKEHRGERAL ., HE L 2FE
HT EAER20 om WRE 3%, EMRYE, RITTE
PE KR

A5 2R FH R pR B G  10E 5 3 8 B e i) 2 Ak

Xp: FHRIEBEZEE, mm; o B 1ATHE
LSS B IR E IR, mm; o A B IR,
min; b AN AR 0 S R

VN 1 e NCIE L PO v PN SR i) 2
W, W58 % Philip #1 Kostiakov A B A& £+
35 ZARAS G B 1) A2 Ak i BiHE

(2) Philip A gy B4
(=5 +A @)

s THRHPABIH AN RAB S, mm; SHK
B mmmin 5t HABIIN, min; 4 WEEA
BE, mmmin . B RS FEIKE RS
W SR R BE D R R, B Bk LRI AN B BT,
SAHM KRR LA BTG, FREAB R A4 Rk
TR BRI A B2

(3) Kostiakov A %1

I(t) = K" (3)

Kb K. n HEK R, Hi KRBy A g
BB, n RBLERMAB RN ZWMAE; t FABT
i, mine
1.3 HIEAE

% FH Excel 2010 F1 SPSS 19.0 %5 1 Xt % 4 £ 47 45
Har#r. KARKNZE (One-way ANOVA ) F 24317
F1 Duncan’s V£ #E4T Z H L8, JH Pearson’s X A B
PEBE AN MR AT A SCPE S B, R Origin 8.5 i
TR B G o BIPRS00 SR 2

2 ZRE55T

2.1 SISO S S HE I R S R R R Y R M
THORDP A B R, W O R X AT
S e = A ST TR =S I 1 IS B <
[IHERS , 454k BHG I B R ol it , R 2 R AR B
W/, AE B )T A R, IR R B
P TN o A 2 R T AR E B B o A A [T INE E] P, i
P A T P S R AT R e A E R RS AR, H 2R
T 451 Ak PR AR A TR o TRIR SR AR 1 ] i
SEZOMRIE W], v R R i ] Ak PR % N A 4 A B
PR TR Mgl A B8 . 53 40, X 5 A B
] i ¢ R AT R A A . B 1 () LA SR E
71 s A [ M A5 A% T T R A A 2 S 9B I ] 4
Bk ZBL R HIRT 0.97, Ui I R SRR B 4T
M ASEADL TS i e 51 i - 36 30 1 A DR R RS A ML, IR



1370 I R F IR

9 38 4

NIBITE 1,/min
(a) 0 20 40 60 80 100

—=— CK F=29.39 R*=0.979
—e— E, F=26.71"% R=0.998
—+— E, F=29.61"% R=0.987
—v— A, F=28.81"* R>=0.998
—o— A, F=33.5/04 R>=0.999

T AR
The advance distance of wetting front/mm

ax NI b B A I 2 A B

(b) 40 -
] —s— CK
= ——E,
o
Z 30 E,
Moo v— A,
*‘Eﬁg.g —— A,
&S 8
#2820 K
# g &
=~
=S8
Sl i)
g 10t
o
2
=+
o
0 20 40 60 80 100

NFBITE] £,/min

b AN [R] 4k T PO i e A S R
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Fig. | Effects of earthworm treatments on distance and rate of wetting front advance in soil
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Table 1 Distance of wetting front advance in soil under
earthworm treatments at different times

T HEHERE 2
Ak The advance distance of wetting front/mm
Treatment
5 min 10 min 20 min 25 min

CK 67.31+3.8Aa 106.716.8Aa 174.0+3.1Aa 191.3=1.9Aa

E, 62.7+5.6Aa 90.0£6.1ABbc 133.7+5.2Cc 154.3%£3.5Cc

E, 65.02.7Aa 101.7x1.9Aab 152.7+1.7Bb 173.0£2.1Bb

A, 59.0+1.5Aa 79.0£2.0Bc 105.0£3.2Dd 117.0%£2.7De

A, 68.31+1.2Aa 94.7+1.8ABab 126.67+3.5Cc 141.7+3.8Cd
KRARF K, NEFRRRE BN ZERKEE (P<0.01) BEF
(P<0.05). F.

Data with different lowercase letters on same column indicate significant

difference at 0.05 level; those with different capital letters, significant

difference at 0.01 level. Same for below.
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Fig.2 Effects of earthworm treatments on accumulated water infiltration and infiltration rate of soil
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Table 2 Accumulated water infiltration in soil under
earthworm treatments at different times

ZFNIBE Accumulative infiltration/mm

b #i Treatment
5 min 10 min 20 min 25 min
CK 1183+8.7Aa 198.7+8.3Aa 266.3+9.2Aa  284.7+8.1Aa
E, 96.0+4.9Ab 151.7£0.7BCbc 231.3+1.2BCb 251.3+0.9Bb
E, 107.3+7.3Aab 167.7+3.6Bbc  250.0+3.2ABab 271.7+6.0ABa
A 98.7t4.8Aab 130.0+3.8Cd  178.7£9.2Dd  204.0+9.9Cc
A, 111.7+1.8Aab 145.7+6.2BCcd 205.7£2.6CDc  221.7+1.8Cc

R3 BABNBSEENDSEL
Table 3 Changes on infiltration rate of soil after earthworm

treatments (¥47: mm-min D)

i (10 min)

Mid-term infiltration

Y (1 min)
AbFR NBEE

Treatment Initial infiltration

e (25 min)
NBEE

Stable infiltration

rate rate rate
CK 39.0+3.5Aab 19.9+0.6Aa 11.4+0.1Aa
E, 41.3+4.8Aab 15.24+0.8BCbc 10.1+0.3Bb
E, 34.0+1.5Ab 16.81+0.0Bb 10.9+0.0ABa
A 49.3+4.8Aab 13.0+0.4Cd 8.2+0.2Cc
A, 52.0+6.4Aa 14.6+0.4BCcd 8.94+0.4Cc

H2ERARE . SR, SR bk 35K
R FETE 3.1%~8.9%, HULA, wiE,
24 TIEBUAMREESHEBENEMHENXR

A [ e 48] 85 37 05+ BBV R L R 4.+ o
pH M4 B Won . By AbBEME 5 R T HAb b B, T
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: +
~N
b &
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3 r Cc
H g Cc
327
26 L
CK E, E, A, A,

BHARK, NG 7T RERRS B ZREHE (P<0.0D) 2
2% (P<0.05),

Data with different lowercase letters indicate significant difference at
0.05 level; those with different capital letters, significant difference at
0.01 level.
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Fig. 3 Effect of earthworm treatments on moisture retention of
water-infiltrated soil
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Table 4 Properties of soil in presence of earthworms
= L B A X X X
i LEREES AL & A Rk A R Wk ki Fk
Treatments pH EC/,I SO(Z/] TN{I AP{] AKQ Silt/% Powder/% Clay/%
(ps-em ) (g'kg ) (g'kg ) (g'kg ) (g'kg )

CK 7.651+0.04Bb 786.35+173.10Aa

18.680.00Bb 2.27+0.13Aa 0.39+0.01Aa 0.57+0.02Aab 83.4+1.0Aa 9.2*03Bb 7.5+1.2Bb

E, 7.451+0.04Cc  684.52+109.68ABab 19.491+0.00Bb 2.53+0.26Aa 0.3610.02Aa 0.56+0.02Aab 72.8+1.0Bb 15.61+0.4Aa 11.7%=1.1Aa

E, 7.611+0.04Bb 522.574156.88ABbc 19.341+0.00Bb 2.43+0.04Aa 0.3720.03Aa 0.441+0.03Ab 72.0+0.7Bb 15.84+0.3Aa 12.2+0.5Aa

A 7.60£0.06Bb 363.321+78.06Bc

19.52+£0.00Bb 2.33+t0.21Aa 0.27£0.03Bb 0.61+£0.04Aa 72.3+0.6Bb 15.7+£0.9Aa 12.0£0.9Aa

A, 7.791+0.02Aa 516.124+109.52ABbc  25.69+0.00Aa 2.31+0.22Aa 0.2620.24Bb 0.491+0.20Aab 73.2+1.6Bb 142+1.5Aa 12.7+£0.1Aa

x5 EBEANESRNSEZMEFHEXMESF

Table 5 Correlation between water infiltration of soil and various affecting factors

NIBFHIE g . . g kL ki e
HEC SOC RETN % AP BAEPAK
Infiltration characteristics pH Ea GLES A kS AR Sand Powder Clay
Ytk (1 min) NBH
1 . 0.205 -0.418 0.341 0.126 —0.522% 0.422 —-0.205 0.127 0.286
Initial infiltration rate
FH (10 min) AB %
. . . 0.019 0.560* —-0.289 0.046 0.788** -0.079 0.794**  —0.765%* —0.751%*
Mid-term infiltration rate
FaE (25 min) ABH
. . —0.148 0.664** -0.367 0.115 0.820** -0.267 0.565* —0.522* —0.563*
Stable infiltration rate
25 min RINE &
-0.189 0.644** -0.417 0.147 0.858%** -0.270 0.601* —0.559* —0.595*

Accumulative infiltration

L TR P<0.05;%% %8 P<0.01.

"*" indicates significant difference at 0.05 level; "**" indicates significant difference at 0.01 level.

W3JE, ECE. AP FEbA Ry H 8K/ AR £ %
UREH N, 3 W ) b B AT LS e e A g 0 FR AL
P R B 33K 73 1 A B MEfE .
25 TENSEIHEHR
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B AP E B BT o MRS Ab 3, Philip #52
R A R, HJE CK. E, f1E, iy L3R B R
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AR A A B R AL . Kostiakov A5 (14 P i
ZHUR ME 0.981~0.999, Ry 7E 2.36~19.21 mm, i
B Kostiakov#i B Xf AB BB S M. 5
Philip #EAYAH b, Kostiakov A5 X 2R 7t 1 5] 4h 21 )
PIAREE R . B\, B AFAY K EALT CK, EWHK
T2 | A B R IE A B HERRI s AL Ay b
BT CK, RUIZARIT H W42+ 300 s N B 1
AE 3 0R ; 0 B, b B AR AR A, 4b BE 25 R W
(P<0.05), HAhMZEEHB AR E. AL
Ay AEFREY o B AR 2 T A AL R (P<<0.01), B
B 2R )b 2 RS B 1 e R B /DN

#£ 6 A [EMEE 4T Philip F1 Kostiakov NS HEBII &L R

Table 6 Fitting of Philip and Kostiakov models on water infiltration of soil under earthworm treatments

Pt Philipf& %! Philip model Kostiakovi% % Kostiakov model
Treatment s A Rygsp/mm Ger K n Ryss/mm Grer R
CK 64.18Aa —-20.47Bb 12.61 2.68 0.975 41.38ab 0.64Aa 19.21 2.73 0.981
E, 53.46Bc —18.03Bb 4.97 2.72 0.996 39.52ab 0.57Aa 6.50 2.72 0.996
E, 59.04Ab —-23.35Bb 8.66 2.68 0.988 35.45b 0.65Aa 16.87 2.73 0.981
A, 35.04De 19.69Aa 3.12 2.71 0.998 48.83a 0.43Bb 2.36 2.72 0.999
A, 41.38Cd 16.74Aa 5.63 2.71 0.995 52.28a 0.45Bb 4.80 2.72 0.998
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